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ABSTRACT 
Electroplating is widely used in the electronic industry including in the 
manufacturing of printed wiring boards, in the packaging of integrate circuits and 
in the metallization processes for wafer fabrications. When the electroplating 
baths are chemically imbalance, the surface appearance, thickness, microstmcture, 
mechanical properties and corrosion/wear resistance may be changed�Careful 
monitoring of the plating baths is, therefore, crucial for ensuring the production 
yield. The organic additives within the plating bath constituents are responsible 
for most of the problems. Among many analysis techniques, high performance 
liquid chromatography (HPLC) can analyze the organic additives within the 
plating baths qualitatively and quantitatively. In this study, HPLC was utilized to 
analyze the additives in palladium, nickel, tin/lead, copper and silver 
electroplating baths. Suitable HPLC methods were developed and validated 
except for the additive analysis of the silver bath. The methods were applied to 
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Chapter 1 Introduction 
1.1 Electroplating history 
The early history of electrodeposition of precious metals can be traced 
back to around 1800. Luigi Brugnatelli, an Italian chemist and a university 
professor, is considered by many as the first person to utilize gold in the 
electroplating process. From the letter to the Belgian Journal of Physics and 
Chemistry reprinted in Great Britain, Brugnatelli wrote: "I have lately gilt in a 
complete manner two large silver medals, by bringing them into communication 
by means of a steel wire, with a negative pole of a voltaic pile, and keeping them 
one after the other immersed in ammoniuret of gold newly made and well 
saturated". Brugnatelli was a friend of Allisandro Volta, who discovered the 
chemical principles leading to the development of "voltaic" electrical batteries 
and Volta's first practical demonstration was called a "Voltaic Pile." Brugnatelli 
using that voltaic electricity enabled him to experiment with various metal plating 
solutions. By 1805, he had refined his process to plate a fine layer of gold over 
large silver metals [1,2]. Later, he was rebuffed by Napoleon Bonaparte, which 
prevented any important work from being published. His work remained largely 
unknown outside of Italy [3:. 
From 1800 to 1845, two main commercial processes for coating objects in 
gold were adopted, water gilding and fire gilding. The water gilding process is 
immersing an object in a diluted form of gold chloride solution and a very thin 
flash of gold is deposited on a surface [4]. The fire gilding process is utilizing 
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mercury amalgam and gold leaf to plate a thick layer over a surface [5]. The 
former technique is applied for low cost products and the latter technique is 
applied for high cost durable products. By 1839, scientists in Great Britain and 
Russia independently devised metal deposition processes similar to Bmgnatelli. 
They tried for the copper electroplating of printing press plates. By 1840, British 
chemist Henry and George Elkington refined that for gold and silver 
electroplating. Collaborating with partner John Wright, the Elkingtons were able 
to publish the first viable patents for gold and silver electroplating. They 
discovered that potassium cyanide was a suitable electrolyte for gold and silver 
electroplating [6]. They were so successful in adapting their processes and 
dominating the decorative metals industry in their region. These patents are still 
used by many factories nowadays. 
The gold and silver electroplating process quickly spread from the Great 
Britain to the rest of Europe and later to the United States. In France, 
electroplated decorative objects were accepted by upper society to display their 
affluence and fashion sense. In Russia, large scale of gold plating was used for 
cathedral domes, icons and religious statues. Electroplating baths and equipment 
based on the patents of the Elkingtons were scaled up to accommodate the plating 
of numerous large scale objects. Eventually, the old techniques such as mercury 
amalgam, gold gilding and water gilding were largely displaced by the 
electroplating process [1,6". 
By the 1900’s, industrial electrochemistry including electrodeposition, 
electrolysis and electrothermic processes began to provide many new and useful 
products. Since the knowledge of electrochemistry broaden and its relationship to 
the electroplating process became widely known, other types of non-decorative 
• . 
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metal plating were developed. Electroplating processes for bright nickel, brass, 
tin, and zinc were adapted for commercial purposes by the 1850's. Many of these 
types of plating were utilized for specific manufacturing and engineering 
applications in the industrial age [7]. Though the expansion of electroplating 
processes to other industries, no significant scientific developments were 
discovered until the emergence of the electronics industry in the mid-1940's. 
From 1870 to 1940, it was a quiet period, during which there were some 
improvements in manufacturing processes, anodic principles, direct current (d.c.) 
power supplies and plating bath formulas [8]. 
By the late 1940丨s, the heavy gold plating was redeveloped for application 
of electronic components. By the mid 1950's, the new and safer acid based 
formulated plating baths was utilized to displace some of the traditional cyanide 
based baths in large scale commercial use. In 1968 an ion-plating technique was 
developed using a rotating cage at a negative potential, to contain small parts 
without having to make direct electrical contact to the parts. The process is 
analogous with "barrel plating" in electroplating. McDonnel Douglas Corporation 
utilized this technique for coating metal fastners with aluminum for the aerospace 
industry. They called the process "Ivadizing" or later, Ion Vapor Deposition 
(IVD), by which name it is still known in the aerospace industry [9]. By 1970’s, 
there were numerous regulatory laws for wastewater emissions and disposal, 
which set the direction for the electroplating industry for the next 30 years. 
Improvements in chemical formulas and technical hardware allowed for the rapid 
and continuous plating of wire, metal strips, semiconductors and complex metal 
shapes. 
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Today, chemical developments and better understanding of their 
underlying electrochemical principles, have led to sophisticated plating bath 
formulas. Greater control over the working characteristics, layer thickness, and 
performance of electroplated finishes are being achieved. New chemical 
developments have enabled greater plating speed, throwing power and high 
quality reliable plated finishes. The electroplating of exotic materials such as 
platinum, ruthenium and osmium are now finding broader usages on printed 
circuit boards, electronic connectors and contacts. Future progress in "waveform" 
technologies for d.c. power supplies and "wafer bumping" technologies may lead 
to even greater achievements for the electroplating and metal finishing industry 
[1,10]. Although vacuum coating technique becomes mature, it cannot displace 
the extremely low cost, large scale production and high through put old 
electroplating method. 
The old electroplating industry is awake as the electronic packaging 
industry grows. It is believed that the expansion of the computer industry and 
telecommunication industry will be increasingly dependent on better 
electroplating technology. The electronics industry and the need to support the 
expansion of their underlying infrastructure like IC leadfmmes, continue to drive 
improvements worldwide in the electroplating industry. Such as IBM has their 
own research and development team and published journals for on-chip 
metallization and related plating technologies in computing [11]. An example of 
plating copper and tin lead alloy on silicon wafer is shown in Fig. 1.1. Motorola 
and Samsung have published papers for printed circuit board improvement 
technologies in mobile phones [12]. An example of electroless plating of nickel 
and immersion gold on the surface of printed wiring board and another example 
• . 
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of plating copper in the plate-through-hole of multi-layer printed wiring board are 
shown in Fig. 1.2 and Fig. 1.3 respectively. 
To cite Shipley Asia Ltd. as an example, one of the major electroplating 
chemical producer, its products can be divided into three major areas according to 
applications. They are Printed Wiring Board, Electronic Packaging and 
Decorative division. The printed wiring board division plays the most important 
role nowadays as the expansive growing of telecommunications and computers. 
Copper and nickel baths are commonly involved. The electronic packaging 
division provides chemicals for manufacturing the IC packages. Tin lead alloy, 
palladium and silver plating are the examples. The decorative division provides 
chemicals to produce cosmetic appearances on products such as jewelry and 
watches. Palladium, silver and gold baths are the typical examples [13]. 
纖 猶 幾 • 
Figure 1.1 Copper and tin lead alloy plated on silicon wafer 
• • 
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Figure 1 2 Nickel and gold plated on the surface of printed wiring board 
CjL3 .rojrtm 
國國 mmmmm 
^g^MHiWii j ^ a l ^ W W i W W I t 
M M — i l ^ M ^ ^ ^ ^ M 
醒 ^ ^ 
mmm^m 
H B 画 — 
画 ^ l i n n a 
Figure 1.3 Copper plated in the plate-through-hole of a printed wiring board 
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1.2 Electroplating bath 
Metal finishing can be accomplished by either electrolytic or electroless 
means. Electroplating is a process in which the electrodeposition of metals 
requiring the anode, cathode and external current source. Electroless plating does 
not require a pair of electrodes but utilizing a chemical reducing agent to drive a 
continuous metal deposition [14]. The basic components of an electroplating bath 
include metal ion, electrolyte, complexing agent, wetting agent, buffer, brightener 
(or grain refiner) and leveler. Metal salt or sometimes called metal concentrate is 
used to provide a source of metal ion for the metal deposition. Copper sulphate 
and nickel chloride are the examples. Electrolyte provides a conduction medium 
in which the flow of current is accompanied by movement of ions. Most often it 
is an aqueous solution of acid, base or salt. Sulphuric acid is the example. 
Complexing agent is a compound capable of forming a complex ion with a metal 
ion and it prevents excess free metal ions in the electroplating bath. EDTA and 
dialkyldithiocarbamate are the examples. Wetting agent or sometimes called 
surfactant is used to reduce the surface tension of a liquid thereby causing it to 
plate metal more readily on a surface. Buffer is a substance which when added to 
the electroplating bath, causes it to resist any change in hydrogen ion 
concentration upon addition of acid or alkali. Sodium acetate, sodium phosphate 
and ammonium chloride are the examples. Brightener is an addition agent, which 
leads to the formation of a bright plate or which improves the brightness of the 
deposit. Propane sulfonic acid and its derivatives are the examples. Leveler is 
function to reduce the roughness of the surface. Polyalkylene glycol and chloride 
ion are the examples [15-17]. In order to precisely control the bath, it is necessary 
7 
to analyze all the components just mentioned. In addition, analyses of trace 
metals and organic contaminations are necessary for bath control. Some potential 
analytes of the electroplating bath are tabulated in Table 1.1. 
Table 1.1 Potential analytes of electroplating bath 
Transition Inorganic Inorganic Organic additive & Complexing agents 
metals anions cations carrier 
Palladium Chloride Lithium Sulfonic acids & EDTA 
derivatives 
Nickel Phosphate Sodium Polyalkylene glycol Dialkyldithiocarbamate 
Tin Cyanide Potassium Amines Pyrophosphates 
Lead Sulfide Calcium Thiols Polyphosphates 
Copper Sulfite Magnesium Carbohydrates 
Silver Sulfate Ammonium Organic acids 
Gold 
1.3 Electroplating analytical methods 
As the requirements of the electronic industry for better products and 
higher quality escalate, the electroplating processes have to be continuously 
improved to meet the new specifications. Specifications can be classified as 
either plating process or plated product specifications. Plating process 
specifications set forth the details of the process, while plated product 
specifications set forth the requirements of the finished product. Most plated 
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product specifications include requirements pertaining to workmanship, 
appearance, adhesion, thickness and resistance to corrosion [17]. To cite an 
example, the thickness requirement for plating a nickel layer on the surface of a 
printed wiring board narrows from 5-10 jam to 7-8 |im range. Another example is 
surface brightness, which is strictly controlled by the current density and additive 
concentration during the plating process. In order to meet these requirements, 
there are some analytical methods adopted in monitoring the chemicals in plating 
baths and examining the deposit quality on product surface. The analytical 
techniques for checking chemicals in plating bath solutions include titration, 
precipitation, hull cell testing, ultraviolet/visible spectroscopy (UV), atomic 
absorption spectroscopy (AA)，inductively coupled plasma atomic emission 
spectroscopy (ICP), cyclic voltammetric stripping (CVS), ion chromatography (IC) 
and high performance liquid chromatography (HPLC) [14,18]. The details of 
work will be illustrated later according to the analysis of electroplating bath 
components. The analytical techniques for characterizing surface quality include 
scanning electron microscopy (SEM), X-ray photoelectron spectroscopy (XPS), 
auger electron spectroscopy (AES) and secondary ion mass spectroscopy (SIMS). 
They will not be discussed here and comprehensive description of them can be 
found in the ASTM El829 and a number of books [19-20]. In addition, some 
physical tests including thickness test, elongation test, hardness test and adhesion 
test are commonly used in electroplating industry. They again will not be covered 
here and comprehensive description of them can be found in the ASTM B748, 
ASTM E6, ASTM E345, ASTM B578 and ASTM F692. All analytical methods 
listed in Table 1.2 help tighten control of plating process and plated products. 
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1.3.1 Metal content and elemental impurities analysis 
Flame atomic absorption spectroscopy (AA) is a common instrument to 
check the metal content and elemental impurities existing in the electroplating 
baths. The plating baths solution are atomized and heated to high temperatures in 
a flame. When a beam of photon emitted from a source made by a particular 
elements, the beam can excite the transitions of the outer electrons of the same 
element in the flame. The amount of absorption of the photons by flame can be 
used to determine the concentration of the element in the solution fed into the 
instrument. For example, for plating of tin lead alloys such as Sn/Pb ratios of 
10:90 and 60:40, AA can be used to determine the Sn and Pb concentration in the 
plating bath in order to control the Sn/Pb ratio in deposit [21: • 
Inductively coupled plasma atomic emission spectroscopy (ICP) is another 
popular instrument towards the elemental analysis. It atomizes the analytes to a 
higher temperature than the temperature in AA and detects the emission from the 
elements. ICP can check not only the metal content but also the impurities 
present in the electroplating baths. Arsenic is an example of impurities measured 
by ICP in the electroplating bath solution. In general, ICP analyses a boarder 
range of elements and has lower detection limits when compared with AA. 
However, there are some exceptions. For example, the detection limits of Cd and 
Sn are lower in AA than that in ICP. One common advantage of AA over ICP is 
that the process time in AA is usually faster than that in ICP when analyzing the 
single element. Elements measured by ICP and AA for the electroplating bath 
analysis include Ag, Al, As, Au, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, Li, Mg, Mn, 
Mo，Na, Ni, P, Pb, Pd, Pt, S, Se, Si, Sn, Zn [21]. In addition, the classical 
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precipitation methods are adopted by some small electroplating factories to check 
the metal content in the electroplating baths. 
1.3.2 Metal complex, inorganic anion and cation analysis 
For the electroplating industry, ion chromatography (IC) is popularly used 
for the analysis of ionic species in the plating solutions. The bath components are 
separated with an eluent on a chromatographic column based on their ionic 
charges and sizes. By anion and cation exchange mechanisms, it is suitable for 
the analysis of anionic and cationic inorganic bath constituents like those listed in 
Table 1.1. Utilizing IC, metal complexes such as metal cyanide can be monitored 
and the metal complex ratio can be determined. IC can also check the ionic 
contaminants in the electroplating baths. With suitable standards and calibration, 
IC can quantify the concentrations of ionic species inside the electroplating baths 
[21]. 
Ultraviolet/visible spectroscopy (UV) is one of the analytical tools, which 
employs not only visible but also ultraviolet and near infrared radiation for 
electroplating bath solution analysis. The metal complexes often have absorption 
peak at around SOOnm. By identifying the characteristic wavelength and scanning 
their intensities, UV can quantify the metal complexes. However, UV analysis is 
limited by the overlapping of peaks from main constituents in the baths and the 
contaminations. 
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1.3.3 Organic brighteners and levelers analysis 
Traditionally, organic brighteners and levelers or together called organic 
additives are commonly determined by the Hull cell testing. Hull cell is a 
miniature plating unit designed to produce a cathode deposit that directly 
reflecting the balance of the brightener and leveler content in the electroplating 
bath. It comprises a plastic triangular cell containing 267ml plating solution, 
anode, cathode, agitation and rectifier equipment. It can display the quality of the 
deposit over a wide current density range, determining when the bath needs 
adjustment for brighteners and levelers [22,23]. To cite LeaRonal PCM+ bath 
(acid copper plating bath) as an example, hull cell acts as a quick check on the 
health of the copper plating bath. The consumption rate of brightener and leveler 
can also be calculated at the same time. It is the most traditional method in the 
electroplating industry. 
Titration and UV are the other examples of the analytical techniques 
towards the measurement of organic additives. For titration, the amount of 
organic additives can be determined after reaching the end point. For UV, the 
absorption peaks of the organic brighteners and levelers are usually in the range 
of 200-260nm. By identifying the characteristic wavelength and scanning their 
intensities, UV can quantify the organic additives and carriers. After collecting 
the UV absorption result of them, the suitable replenishment can be performed for 
the electroplating baths quantitatively. Both titration and UV methods suffer 
from the matrix effect and may result in large error. 
Cyclic Voltammetric Stripping (CVS) is a patented electrochemical 
technique used for the measurement of organic brighteners and levelers in the 
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electroplating solutions. The analysis is performed in an electrochemical cell 
using a three-electrode system, which consists of a working electrode, a counter 
electrode and a reference electrode. The technique first deposits a metal in the 
sample plating solution onto an electrode followed by stripping the deposited 
metal. The instrument measures the charge in coulomb that required stripping the 
metal. Since the amount of metal electroplated on the CVS electrode relates to 
the concentration of the additive in the solution, the CVS reading can be linked to 
the concentration of the additive. The measurements are usually performed by 
the standard addition method [24 . 
High performance liquid chromatography (HPLC) is an advanced 
instrument, which can analyze organic additives and other bath constituents at 
very low concentration and in very small sample, depending on different 
specialized columns. Electroplating bath solution is injected and passed through 
the appropriate chromatographic column at high pressure. The separated bath 
components are delivered into a detector, which determines the type and 
concentration of each species. By observing the chromatograms, electroplating 
baths content can be determined and consumption of chemicals can be calculated. 
HPLC detection limit is very low and it is more objective, accurate, systematic 
and faster method when compared with others. Utilizing HPLC to the analysis of 
organic additive in the electroplating baths is the main concern in this thesis. 
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Table 1.2 Three major areas of electroplating analytical methods 
Checking chemicals in the electroplating baths 
Titration 
Precipitation 
Hull Cell testing 
Ultraviolet/visible Spectroscopy (UV) 
Atomic Absorption Spectroscopy (AA) 
Inductively Coupled Atomic Emission Spectroscopy (ICP) 
Cyclic Voltammetric Stripping (CVS) 
Ion Chromatography (IC) 
High Performance Liquid Chromatography (HPLC) 
Examining the deposit quality on products surface 
Scanning Electron Microscopy (SEM) 
X-ray photoelectron spectroscopy (XPS) 
Auger Electron Spectroscopy (AES) 







1.4 HPLC literature review 
Separations using column chromatography can be tracked back as early as 
the Middle Ages. However, an explanation of the phenomenon was not 
developed until the early twentieth century. This showed that HPLC analysis is a 
trial-and-error approach from the very beginning. Mikhail Tswett, a botanist, is 
known as the father of chromatography. In 1906, he published his first paper on 
the liquid-solid technique, which he called chromatography. This name was 
derived from the Greek word for color, chromatos, because the plant pigments he 
separated were all intensely colored. He continued his work with the technique 
until World War I prevented him from further progress [25:. 
By the 1980丨s HPLC was commonly used for the separation of chemical 
compounds. New techniques improved separation, identification, purification and 
quantification far above the previous techniques. Computers and automation 
added to the convenience and speed of HPLC. During the past decade, there was 
a vast development of the micro-columns and other specialized columns. The 
dimensions of the typical HPLC column are hundreds mm in length with an 
internal diameter between 3-5 mm. The usual diameter of micro-columns ranges 
from 3 |Lim to 200 [im. One has the option of considering over several types of 
columns and detectors in order to get optimal analysis of the compound. There 
are many books published on specific aspects of HPLC focusing on columns and 
detection techniques. They provide an overview combining fundamental theory 
with descriptions of common techniques and instrumentation [26-28:. 
Currently, HPLC is widely used in biotechnological, biomedical, 
biochemical and pharmaceutical researches. All these fields comprise about 50% 
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of HPLC users. HPLC is applied in many other fields including the cosmetics, 
food, electroplating and environmental industries. There are many books 
focusing on the applications including tips for troubleshooting and optimization in 
the laboratory [29,30'. 
There are few publications in the literature for the applications of high 
performance liquid chromatography in the electroplating industry. Most 
electroplating companies still employ titration, hull cell, UV and CVS method in 
analyzing those organic additives. Even though some companies adopt HPLC to 
analyze the organic additives, few papers were published [31-34]. A few papers 
investigated the aged electroplating baths by HPLC [35]. The limited information 
makes it difficult for the industry to widely apply HPLC for bath analyses. 
1.5 My research work 
The electroplating and HPLC background has been given in Section 1.1 to 
1.4. Those analytical methods for electroplating baths in Section 1.3 are in fact 
complementary techniques to each other. It is believed that HPLC is the most 
suitable method to analyze the organic additives among the methods. HPLC 
provides more accurate and reliable quantitative results in analyzing 
electroplating baths solution from the production line. In terms of selectivity, 
HPLC provides qualitative identification of the bath components from the 
retention time. There are some characteristic patterns in the chromatograms, 
which make the comparison easier for different ages of the electroplating baths. 
Some electroplating companies not only use HPLC for the baths analysis but also 
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for quality control of raw materials. HPLC is an efficient analytical technique, 
which can be used to determine and quantify the major constituents of 
electroplating solutions including common inorganic anions and cations, 
transition metal, certain organic additives and organic chelating agents. 
In this thesis, five HPLC applications for the analysis of electroplating 
baths are given. The content will concentrate on the analysis of organic 
brighteners and levelers, as they are responsible for the deposit quality of the 
plated products. For example, HPLC can help the analysis of brightener 
concentration and their breakdown pattern in the real plating baths. If the bath is 
monitored by HPLC, the replenishments can be done to precisely control the 
plating process. Bath contamination can also be determined before catastrophic 
issues occur. Accurate and frequent monitoring of the bath solution can result in 
significant savings and improvement of the product quality. 
Many organic brighteners and levelers are organic acids, organic amines, 
carbohydrates or chemically derivated monosaccharides and sulphur containing 
compounds. According to their chemical natures, several different methods have 
been developed for HPLC analysis of organic additives in the electroplating baths. 
Commonly, the methods for HPLC analysis of organic additives use silica-based 
packing materials column with UV detection [36-37]. The Cig hydrocarbon-
bonded phases are always adopted in reversed phase chromatography analysis. 
The common mobile phase used is methanol, acetonitrile and water. These 
methods show good performance in selectivity and efficiency. In Chapter 3, 
Palladure 200 Additive analysis method is similar to this approach using 
Tm 
Microsorb-MV Cig and Alltima Cig columns. Other methods use polymeric 
packing materials column with UV detection. Divinylbenzene-based packings are 
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developed for the size exclusion chromatography to analyze organic additives. 
The common mobile phase used is dilute mineral acids. These methods show 
good performance in specificity, though they usually cause peak broadening. In 
Chapter 4, Nickel PC3 Additive analysis method is similar to this approach using 
anion exclusion column. Methods involving pre-column derivatization to 
enhance chromophores can be easily implemented, but can yield anomalous result 
for quantitative analysis [38-39]. In Chapter 7, after showing the difficulties, it is 
possible to use this method to study the Silverjet 220 Additive. Furthermore, 
analyses of organic brighteners and levelers may be performed with LCMS, 
whilst the major limit of this method is the cost of instrumentation and 
maintenance. Some electroplating groups focus more attention in ion 
chromatography [40-42]. Using conductivity detectors, inorganic anions, cations, 
phosphoric acids or amines can be analyzed. Using amperometry detectors, 
cyanide, sulfide or thiols can be analyzed. 
In the following chapters, electroplating baths of five different metal 
families are investigated. They are Palladure 200, Nickel PCS, Solderon SC, 
Copper Gleam PPR and Silverjet 220 processes supplied by Shipley, which are 
discussed in Chapter 3, 4, 5, 6 and 7 respectively. In addition, Chapter 8 
concludes the results and gives a guide to the method development of the 
electroplating bath solutions. 
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Chapter 2 General Experimental 
2.1 The HPLC System 
A Dionex DX-500 system was used in this study. It was modified to run 
in both high performance liquid chromatography (HPLC) and ion 
chromatography (IC) mode for analysis of electroplating solution. The system 
has five modules including LC30 chromatography oven, GP50 gradient pump, 
AD20 absorbance detector, ED40 electrochemical detector and AS40 automated 
sampler. The schematic diagram is shown in Fig 2.1. The software for 
controlling the system is PeakNet. The descriptions and functions of them are 
listed in Table 2.1 [1,2:. 
/ 
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Figure 2.1 A schematic diagram of Dionex DX-500 system 
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Table 2.1 Specifications of the HPLC system 
Module Descriptions and Functions 
LC30 chromatography oven It controls the temperature and always sets at 
room temperature. 
GP50 gradient pump It delivers the mobile phase and controls the 
flow rate. It pumps mixtures of up to four 
mobile phase components at precisely flow 
rate. 
AD20 absorbance detector It is a single but variable wavelength 
photometer. 
It has two light sources, a deuterium lamp for 
ultra-violet detection and a tungsten lamp for 
visible wavelength detection. 
ED40 electrochemical detector It provides three major forms of detection, 
conductivity, DC and integrated amperometry. 
AS40 automated sampler It is an auto injector for sample solution. 
Software Descriptions and Functions 
PeakNet It is a data processing tool for optimizing, 
integration, identification, quantification and 
calibration. 
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The general components of HPLC include solvent, pump, precolumn, 
injector, column, connecting tubing and detector. The sample is injected by the 
auto injector into the system. The sample is then mixed with the solvent system. 
The sample together with the solvent pass through the proportioning valves and 
gradient pump. At regular flow rate, the solvent carries the sample to the 
precolumn and column. Inside the column, the species in the sample interacts 
with the stationary phase, which allows the separation of the species. As the 
separated analytes exit the column, they are transported by the solvent to the 
detector, which in turn senses and converts the signals into chromatograms. The 
whole fluid path is well connected by plastic tubings and those column kits 
supplied by Alltech. 
2.2 The factors that affect the separation 
Separation is achieved when the species in the sample that carried by the 
mobile phase interact differently with the stationary phase. The speed of the 
migration of the species is a function of the equilibrium distribution of the sample 
between the mobile and the stationary phases. Separation therefore results from 
different migration rates as a consequence of the equilibrium distribution [3,4:. 
The factors that affect the separation consist of solvent, pump, column, detector 
and volume domain. In the analysis of electroplating solution, the principal 
factors of interest are the composition of the solvent system, the selection of 
column and the most suitable analytical wavelength for UV detection. 
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2.2.1 The composition of the solvent system 
The solvent system utilizes the organic-aqueous and acid-base chemistry 
to assist the separation. Hence, it is helpful to understand the solubility and pKa 
of the analytes. The solubility in different organic or aqueous solvents determines 
the best composition of mobile phase. The pKa determines the pH in which the 
analytes will exist as a neutral of ionic species. One may measure the pH of the 
additive solution and that of electroplating bath to get the ideas about acid base 
properties. Repeatability, linearity and accuracy of the known amount of additive 
in the standard bath measurement can test the analyte whether it is fully neutral or 
partially neutral in the solution. This information will facilitate an efficient 
separation scheme and determine the optimum pH in mobile phase to achieve 
good separations. The combination of the above factors in the solvent system can 
assist an effective separation of those species in the bath [5]. 
2.2.1.1 Polarity factor 
The polarity factor is the most important factor in the reversed phase (RP) 
chromatography. The general rule, like dissolves like, that polar solvent will elute 
polar species first while non-polar solvent will elute non-polar species first. In 
fact, the retention time of species is based upon the relative polarities of the 
mobile and stationary phase. Methanol, acetonitrile, tetrahydrofuran (THF) and 
water are the most common polar reversed phase solvents. The very low UV cut 
off for methanol (205mn) and acetonitrile (<190nm) and their low background 
absorbance make them an excellent choice for HPLC solvent. The polar solvents 
are rather suitable for electroplating baths analysis than the non-polar one [6]. 
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2.2.1.2 pH factor 
The pH of the mobile phase is the second most important factor when 
analyzing electroplating bath solution. The buffering mobile phase system is 
preferred to stabilize environment that in the complicated bath solution during 
HPLC analysis. In the ionic electroplating solution, those species like acids, 
bases, amphoteric and organic salt may co-exist in the complicated manner. 
Hence, if the target elution of analyte is basic or cationic, amino buffer is 
suggested to add in the mobile phase. If the target elution of analyte is acidic or 
anionic, citrate buffer is suggested to add in the mobile phase. The buffers 
recommended for robust mobile phases are listed in Table 2.2 [7,8]. It is vital that 
proton exchange equilibrium is reached and optimum separation is achieved. 
Otherwise, the analytes may be partially ionic and partially neutral and this affect 
the quantity of results. The salt and its concentration used depend on the 
experiences and experiments. 
If the target elution of analyte is weak acid or weak base, the buffer may 
not be added in the solvent system. At an acidic pH, weak acids are not 
dissociated. In their undissociated form, an interaction with a Cig phase is 
possible and the retention time is long. However, bases are protonated in their 
ionic form, an interaction with the hydrophobic surface is unlikely, and they elute 
early in the chromatograms. The situation is reversed in the alkaline range. Bases 
are not dissociated and acids are ionized. This is why the selectivity of acids and 
bases can be manipulated by the pH of the mobile phase. Usually, in 20-50% 
water/methanol mixtures, a separation of weak acids and bases is possible without 
a buffer addition [9]. 
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Table 2.2 pH values and suitable buffers 
Range Approximate pH Buffer 
Strongly acidic 1.3-3.3 Phosphate buffer 
dihydrogen salt 
Acidic 3.3-3.8 Citrate buffer 
Weakly acidic 3.8-5.8 Acetate or formate buffer 
Neutral and weakly 6.2-8.2 Phosphate buffer 
alkaline hydrogen salt 
Alkaline 7.0-9.5 Amino buffer or Borate buffer 
ammonium salt 
2.2.1.3 The other physical and chemical factors 
Not to mention, the viscosity of methanol and acetonitrile is low and they 
are miscible with water thoroughly. This makes them an excellent choice for 
mobile phase carrying analytes of the electroplating baths solution, which 
contains a large amount of water. 
The reactivity and selectivity of methanol and acetonitrile are suitable 
toward the analysis of electroplating baths compounds. The hydrogen bond 
donor/acceptor duality of methanol is the key point for separations of analytes. It 
is polar enough to elute those polar species in the electroplating baths solution 
with appropriate retention time. Acetonitrile is moderately polar and has a 
midrange solvent strength. It is a weak hydrogen bond acceptor. It is common to 
elute those less polar species in the electroplating baths solution with appropriate 
retention time. Methanol/water and acetonitrile/water mobile phase are 
commonly adopted in different types of electroplating baths analysis, as they are 
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organic solvents that can elute those organic additives. These mobile phases 
cover a wide range of functional groups separations [6:. 
The volatility of methanol and acetonitrile is commonly high and hence 
freshly preparing mobile phase is always suggested. It is suggested to store the 
solvent in the V-flask rather than the beaker so as to raise the volume agreement 
and to reduce the evaporation of solvent. 
The miscibility of solvents depends on the mixing ratio of them. The 
preliminary tests are tried for the different mixing ratio of solvent. These tests 
can ensure homogeneity in the solvent systems. 
Last of all, the mobile phase should be filtered and degassed before 
entering the HPLC system to eliminate impurities and bubbles. Any aggressive 
solvents should be avoided to enter the HPLC system. 
2.2.2 The selection of column 
2.2.2.1 Organic and Inorganic packing material 
Column is the heart of HPLC. The packing material and physical 
dimensions of column are the major factors in separation. The two major types of 
packing material are those based on inorganic supports and those based on 
organic polymers, which are illustrated below 
Inorganic supports packing material 
The silica-based phases are the most widely used HPLC packings and the 
hydrocarbon-bonded phases are commonly used in reversed phase 
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chromatography. For the hydrocarbon-bonded phases, there is seldom selectivity 
difference between different straight chain hydrocarbons (C6，C8, CI2, C18). 
The CI8 column can be endcapped and base-deactivated. After endcapping, the 
percentage of carbon does not markedly increase but the percentage of 
unmodified silanols group declines. If the base silica is treated, there is further 
decrease of chromatographic effect in the separation. In order to make the surface 
more hydrophobic, it is necessary to convert more silanols groups to their bonded 
phases. In additions, there are many other bonded phases for different types of 
chromatography. Diol-bonded phases are utilized for aqueous size exclusion, 
hydrophilic-interaction and normal phase chromatography. Cyano-bonded phases 
are employed in both reversed phase and normal phase chromatography while 
nitro-bonded phases exhibit specific selectivity for aromatic compounds in normal 
phase chromatography. The ion exchange resins are used in the ion 
chromatography [10]. 
Organic polymers packing material 
There are three polymeric packings: divinylbenzene-based, methacrylate-
based and vinylalcohol based. Divinylbenzene- or styrene-divinylbenzene-based 
packings are developed for the size exclusion chromatography. They are prepared 
via radical polymerization of styrene and divinylbenzene monomers. 
Methacrylate-based packings are prepared from methacrylate and a crosslinking 
agent like ethyleneglycol dimethacrylate. Vinylalcohol-based packing is formed 
by polyvinylalcohol. The underivatized polymer is very hydrophilic. The alcohol 
groups can be derivatized with chlorides of long chain fatty acids to yield 
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hydrophobic packings for reversed phase chromatography. Different polymeric 
packings are response for different retention mechanisms and different application 
uses [10]. 
2.2.2.2 Columns that were used in this study 
After the brief introduction of column chemistry, the different types of 
column toward the analysis of electroplating solution are listed in Table 2.3 and 
illustrated as follows. 
Table 2.3 Column information 
Column Part number Particle size Length * ID 
Alltech Alltima Cig 88056 5[im 250 * 4.6mm 
Alltech Wescan Anion Exclusion 269062 lOjim 300 * 7.5mm 
Alltech Universal Cation 27106 7\im 100 * 4.6mm 
MF Allsep Anion Column 51209 7 i^m 150 * 4.6mm 
Normally, the Cig column is used to analyze some organic components in 
the bath especially organic additives. The anion exclusion column is function to 
analyze organic acids, which are often the active ingredients of the additives 
and/or replenishers. The cation column can check the metal ions contents in the 
baths. The anion column can measure some of the important anions such as 
hypophosphate and cyanide, which are the important reducing agents and the 
popular complexing agent respectively. Sometimes, cation and anion columns 
can separate impurities or levelers. As a result, the chemical imbalance of the 
electroplating baths can be monitored by these columns. The first two columns in 
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the Table 2.3 are frequently adopted in analyzing the organic additives and while 
the later two columns are not covered in this thesis study. 
Alltima Cis column 
The Alltima Cig column offers good separations in chromatography, 
whether analyzing acids, bases, or neutrals. Alltima phase is base-deactivated to 
eliminate those activated silanols, which are the primary source of tailing on 
silica-based phases. It generally does not require mobile phase modifiers like 
triethylamine to produce sharp, symmetrical peaks. The Cig column is used to 
analyze some low molecular weight and intermediate-molecular-weight organic 
additives and other components in the electroplating baths. A typical stationary 
phase consists of a long chain hydrocarbon attached to a support, while a typical 
mobile phase comprises mixture of water or buffer with polar solvents such as 
methanol, acetonitrile or tetrahydrofuran [11]. 
Anion Exclusion Column 
The Anion Exclusion Column is packed with highly sulfonated poly 
(styrene-divinylbenzene) resin. This column separates organic acids and weakly 
ionized anions by an anion exclusion mechanism. It is utilized to analyze those 
organic additives of the electroplating baths. Dilute mineral acids are the typical 
mobile phase for the separation. Acetonitrile may be used as an organic modifier 
to decrease the retention of hydrophobic compounds [11]. 
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2.2.2.3 Physical dimension 
Physical dimensions include column length, particle size and column 
diameter. The formers will affect the resolution and analysis time. The last one 
will affect the sensitivity. They influence the speed of the analysis, the resolving 
power, the column backpressure, the detectability and solvent consumption. It is 
found that the maximum of resolution occurs at shorter analysis times as the 
particle size is decreased. Hence, the flow rate may need to be increased to take 
full advantage of the capabilities of the smaller particle size. The increasing 
column length will result in higher resolution at the expense of the analysis time. 
In fact, the larger column diameter will give higher flow rate and larger solvent 
consumption; however, column diameter does not influence the column 
backpressure, plate count and analysis time. Generally, column inner diameter 
from 1 mm to about 10 mm can perform well if suitable column length and 
particle size are applied. The common particle size chosen is within 10 |Lim and 
the common column length chosen is around several hundreds mm in the analysis 
of electroplating bath solutions [10]. 
2.2.3 The most suitable analytical wavelength for UV detection 
The detector plays essential roles in the separation. The choice of HPLC 
detector is determined by three factors including the interest analytes, mobile 
phase and interference. The interest analytes are those organic additives in the 
electroplating baths. The optimum wavelength for the organic additives ranges 
from 200 to 260 run. Running UV scans for the target organic additives can find 
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the most suitable analytical wavelength for UV detection. The UV analysis can 
give some rough ideas about the organic additives wavelength absorptions in 
single solution and in the mixed electroplating bath. Sometimes, the interference 
peaks may mask the major organic additive peaks and hence alternative 
wavelength or mobile phase may be needed. 
Detector is also response for time domain and has a linear relationship 
with the retention time of peaks. Detector performance, or in other words, 
separation quality can be reflected by signal to noise ratio, sensitivity, detection 
limit, linearity, dynamic range and band broadening [12:. 
The AD20 absorbance detector used in this study is a dual beam but single 
wavelength photometer, which measures the loss in intensity of ultraviolet or 
visible light as the solution exiting an HPLC column. The deuterium lamp is 
used for ultra-violet detection while the tungsten lamp is utilized for visible 
wavelength detection. This UV detector is suitable for analyzing the organic 
additives, carriers and metal complexes of the electroplating bath solutions. 
2.3 Challenges in analyzing electroplating baths solution 
Another critical factor that affects the separation is the electroplating 
solution itself. Apart from those mentioned, there are some challenges in 
analyzing electroplating baths solution, which has high metal content, strong 
ligand, interference and extreme pH characteristics 
35 
2.3.1 High metal content 
Firstly, the high metal content is the main characteristic of electroplating 
bath solutions. The metal may accumulate in the column and deteriorate the 
column and shorten its life. It will result in altering peak shape, appearing “rabbit 
ears" and affecting the resolution. Dilution is the common requirement for the 
plating baths solution. The guard column should be installed to trap any solid 
metal, particulates, column killers or precipitates. Having tried to use the 
specialized column (Alltech SCX) for the solid phase extraction and expected that 
it can trap those metal ions before the HPLC analysis, however, this treatment 
trapped other major bath constituents like organic additives at the same time. 
Some papers suggest using dilute acid to flush the metal out of the column after 
the analysis. Some books suggest using water, methanol/water or 
acetonitrile/water to flush the whole path of system overnight at 0.1 ml/min flow 
rate after the analysis [9]. 
2.3.2 Strong ligand or complexing agent 
Secondly, the large amount strong ligand or complexing agent can cause 
issues in both qualitative and quantitative analyses. An example is the cyanide 
ions in silver bath, which shifts the equilibrium between the Ag ions and the 
additive. The characteristic chromatogram pattern for a typical silver cyanide 
bath is shown in Fig.7.10. In addition, a large amount of precipitates will 
precipitate out if the pH control is not appropriate. These precipitates will block 
the tubings and columns of the HPLC system. Many papers discuss the metal 
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complex and metal cyanide analysis by ion chromatography and capillary 
electrophoresis in the past decade [13-19:. 
2.3.3 Interference 
Thirdly, it is possible to have many interference peaks due to the 
contamination in the real plating baths. An example is the copper plating baths 
for the production of printed wiring boards. The chromatographs are shown in 
Fig. 6.5 and 6.6. The details are still not understood. These types of copper 
plating baths method development is difficult, as the adjustment of mobile phase 
and the other HPLC conditions are needed according to the interference peaks 
positions. Some recent papers showed the analysis of those by-product peaks and 
their influence on the quality of the printed wiring boards [20]. 
2.3.4 Extreme pH 
The extreme pH of the bath solution is another characteristic of 
electroplating baths solution. Hence, the selection of appropriate column is the 
main concern and this part has been mentioned in Section 2.2.2. Nowadays, some 
columns can withstand extremely pH range by means of modified packing 
material and resin, which are provided by many commercial manufacturers [1，11:. 
The selection of suitable mobile phase buffer is another way to stabilize the target 
organic additives in the complicated bath solution environment as discussed in 
Section 2.2.1.2. In addition, some protective and flushing work should be done 
before and after the analysis to maintain the column life [9:. 
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2.3.5 Other difficulties 
The target organic additives are sometimes in small amount or trace 
amount within the plating solutions. Such trace amount of additives may be 
masked within the aged plating bath since the bath may contain dissolved organic 
chemicals from the circuit boards, by-products of the additives, and 
contaminations. These issues make the method development challenging. 
2.3.6 Maintenance of HPLC instrument 
Normally, only one type of electroplating bath analysis is preferred by an 
HPLC system in the same day since those equilibrations and cleaning procedure 
are very time consuming. Each column is used for one type of electroplating bath 
because the mobile phase system is unique for each type of plating baths. Any 
unmatched solvents and column may damage to the column and the whole HPLC 
system. The tubing and column kits are replaced after using for a certain period 
such as three months. The details of maintenance part can be referred to the 
Appendix. 
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Chapter 3 Palladure 200 bath HPLC analysis 
3.1 Introduction 
Palladium plating provides an alternative to gold plating on connectors, 
semiconductors and circuit boards [1]. The deposits exhibit lower porosity, better 
ductility and superior resistance to corrosion than hard gold. The specifications 
for electrodeposited coatings of palladium can be found in the ASTM B679 [2]. 
The Palladure 200 process is supplied by Shipley and is characterized by 
its ability to produce semi-bright to bright, crack free, pure palladium deposits 
suitable for electronic applications [3]. Typical applications include electronic 
connectors, printed circuit edge tabs and semiconductor components. For 
connector applications, using a nickel-palladium two-step plating can enhance the 
benefits of palladium coating with wear resistance. For IC packaging, thin 
palladium coatings are suitable as a bondable surface, which can replace silver on 
the inner leads and pads on devices, and can be used as a solderable coating on 
the external leads for replacing tin-lead [4]. Normally, the thickness 
recommendation for semiconductor leadframes in integrated circuits and 
solderable surfaces on printed wiring boards is between 0.08-0.25 i^m while that 
for electrical connector contacts is between 0.75-1.50 jiim [2]. 
In the IC packaging industry, leadframe is used to connect the chip to the 
outside world. The inner leads of a leadframe will be linked by Au or A1 wires to 
the pads on a chip and the outer leads will be soldered to a printed circuit board. 
Pd can play a role in providing surfaces with good bondability and solderability 
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4，5]. In the production process, the strict control of palladium plating bath is 
necessary to ensure the yield of the production process. 
For the Palladure 200 process, there are three separate parts. They are 
Palladure 200 Make Up, Palladium Concentrate and Palladure 200 Additive, 
which are used to prepare the initial plating bath. Pallaure 200 Make Up is used 
to provide the basic for the plating bath while Palladium Concentrate and 
Palladure 200 Additive are used to replenish the Pd salt and additive into the 
plating bath. The Palladure 200 Additive is an additive solution that contains two 
components called A and B. The functions of the three parts are shown in Table 
3.1. In UV spectrum, the component A is overlapped with component B and the 
absorbance is slightly influenced by the palladium concentration. As a result, the 
additive component cannot be measured by UV spectrophotometer accurately and 
HPLC method was developed to solve this problem. 
The target of this study is to develop a HPLC method for monitoring the 
Palladure 200 electroplating baths. After a suitable method was developed for 
separating the components, a quantitative analysis method was developed. The 
quantitative HPLC analysis method can be used to monitor the Pd electroplating 
bath in the production lines and to provide suitable replenishment for adjusting 
problematic electroplating baths. The detection limit of this method was also 
determined. 
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Table 3.1 The functions of three separate parts in Palladure 200 process 
Components Functions 
Palladure 200 Make Up solution For make up a new bath 
Palladium Concentrate Provide palladium metal 
Palladure 200 Additive For grain refining 
Achieve smooth uniform deposits 
3.2 Experimental 
Equipment 
There were two main instruments involved in the following laboratory 
analysis, Dionex 500X HPLC system and Hitachi V-2000 UV spectrophotometer� 
Their functions and descriptions were mentioned in Section 2.1 and 1.3 
respectively. 
Chemicals/Bath solutions 
The water used throughout the experiments was ISMQcm"^ It passed 
through resins for filtration and UV lamp for sterile treatment to ensure very low 
conductivity and no bacteria. Acetonitrile and methanol were HPLC grade 
purchased from Aldrich. Normally, 25ml/l of Palladure 200 Make Up，15ml/l of 
Palladure 200 Additive and lOml/1 of Palladium Concentrate solution were mixed 
for a new make up Palladium bath. 
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HPLC conditions 
For Palladium bath studies, a reversed phase HPLC system was used and 
the chromatographic analysis was carried out by isocratic elution. The columns 
used in this study were Microsorb-MV ^^ Cig with 5jLim of particle size and 
250x4.6mm of column length and Alltima Cig with 5\xm of particle size and 
250x4.6mm of column length. The mobile phase had a H2O: acetonitrile volume 
ratio of 85%: 15%, with 19.8g/l di-ammonium hydrogen phosphate. The flow 
rate was l.OOml/min and the UV wavelength was set at 260nm. The acetonitrile 
served to elute the organic additive and organic components from the separation 
column, while the di-ammonium hydrogen phosphate acted as a buffer to stabilize 
the pH environment of electroplating solution and to prevent the degradation of 
organic additive during chromatography analysis. The composition of solvent 
system was H2O: acetonitrile (85%: 15% in v/v), which was obtained by 
systematic iterative trials. The mobile phase was pumped at l.OOml/min, which 
was a moderate flow rate. The maximum UV absorption of organic additive was 
260nm wavelength. These HPLC conditions were optimum to elute those interest 
species at appropriate retention time and resolution and listed in Table 3.2. 
Table 3.2 The HPLC conditions for Palladure 200 bath studies 
Column Alltima Cig 
Mobile phase H2O: acetonitrile (85%: 15% in v/v) w 19.8g/l di-ammonium 
hydrogen phosphate 
Flow rate 1 .OOml/min 
UV wavelength 260nm 
44 
3.3 Problems in the existing UV analysis for monitoring 
Palladure 200 process 
The existing UV analysis for monitoring the Pd plating bath is utilizing the 
UV absorbance of the three parts. The peak absorbance of Palladure 200 Additive 
is at 260nni while those of Palladure 200 Make Up and Palladure Concentrate are 
around 200nm and 300nm respectively. The Palladure 200 Additive 
concentration in the Pd plating bath can be determined from its corresponding 
absorbance by means of a calibration curve. The procedure for determination of 
the Palladure 200 Additive was shown as follows. In order to focus the Palladure 
200 Additive, only the Palladure 200 Additive part was varied while the other two 
parts were held constant. The concentrations of the three parts were proportional 
to their real ratio in a typical Pd plating bath. For bath stimulation, three standard 
solutions with about 8g/l of Palladium Concentrate were prepared as shown in 
Table 3.3. For each standard, the components were pipetted into a 100ml 
volumetric flask and diluted to the mark using HPLC grade water. 
Table 3.3 Three standard bath solutions with different conc. of Palladure 200 
Additive 
Standards Palladure 200 Palladure 200 Palladium 
Make Up, ml Additive, ml Concentrate, ml 
Standard A ^ 15 10 
Standard B ^ ^ 10 
Standard C ^ ^ 10 
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For UV analysis, the standard solutions were further diluted 100 times. 
The UV spectra were shown in Fig. 3.1 and the absorption results were tabulated 
in Table 3.4. 
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Figure 3.1 UV spectra of different conc. Palladure 200 Additive in the baths 
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Table 3.4 UV absorption results of Palladure 200 Additive in standard baths 
Additional 100 times Wavelength, nm Absorbance, ABS 
diluted standards 
Standard A ^ 3.081 
^ 0.666 
^ 0.147 
Standard B 207 3.255 
1.098 
^ 0.150 
Standard C ^ 3.251 
1.552 
m ； 0.158 
Based on the result in Table 3.4, the calibration curve of Palladure 200 
Additive was plotted. It clearly showed that there was a linear relationship 
between the concentration of Palladure 200 Additive and its absorbance at 260nm 
in Fig. 3.2. Hence, the concentration of Palladure 200 Additive in Pd plating bath 
could be determined from this graph. 
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Absorbance Vs Concentration of Palladure 200 Additive under 
8g/L Palladure Concentrate 
1.8 — — 
1.6 ii圓^^^^^ 
专 0.6 “：：； -^^  
0.4 
0.2 l l l i g ^ ^ ^ ^ 
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 
Palladure 200 Additive concentration (ml/L) 
Figure 3.2 A graph of absorbance Vs concentration of Palladure 200 Additive 
Although a linear straight line was plotted, there were some problems 
toward the UV analysis of Palladure 200 Additive within the real Pd plating baths 
in the production lines. The first problem was that the Palladure 200 Additive 
peak absorption experienced interferences from that Palladium Concentrate 
shown in spectra Fig. 3.1. It obviously displayed that the Palladium Concentrate 
peak was overlapping with the peak of Palladure 200 Additive. In the initial 
plating bath or optimum standard bath, the palladium concentration was 8g/l and 
there was no problem in reporting Palladure 200 Additive amount from this 
calibration curve. Nevertheless, the palladium concentration might vary from 
time to time within the plating bath in the production line, leading to a deviation 
during the UV analysis of Palladure 200 Additive. The situation was even worse 
in the aged plating bath, which had many breakdown by-products around 260nm, 
further affecting the absorption of Palladure 200 Additive. These unknown 
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interferences made the difficulty in the determination of Palladure 200 Additive 
by UV method. The last problem was that both component A and component B 
were indistinguishable within the Palladure 200 Additive peak. When the ratio of 
component A and B was imbalance within the plating bath, the plating quality 
was affected. Because of the above issues, it was difficult to monitor the 
Palladure 200 plating bath accurately by UV method. HPLC method was 
proposed to tackle these problems by separation of peaks. 
3.4 HPLC method development for monitoring 
Palladure 200 process 
For HPLC method development, some parameters were set at the early 
stage while some were modified later. The wavelength chosen to monitor the 
Palladure 200 process was 260nm as it was obtained from the UV analysis result. 
The flow rate was normally set at l.Oml/min in the initial HPLC run. The 
Microsorb-MV ^"^Cig column was first tried in this HPLC analysis. This column 
was silica-based Cig phase and suitable for analyzing organic compounds such as 
Palladure 200 Additive. After the systematic iterative trials, the following mobile 
phase was adopted and prepared as below. 19.8g of di-ammonium hydrogen 
phosphate was weighed and put into a 1 1 volumetric flask. 500ml of HPLC grade 
water was added into the flask and shaken until the phosphate was dissolved. 
150ml of HPLC grade acetonitrile was added into the flask and mixed well with 
the phosphate solution. HPLC grade water was filled up to the mark and mixed 
thoroughly. The solution was degassed by ultrasonic bath and filtered by using 
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the sinter glass with filter paper no.4 under vacuum filtration. This mobile phase 
was 15% v/v acetonitrile in water with 19.8g/l di-ammonium hydrogen phosphate 
salt. 
In order to view the individual components of the Pd plating bath, the 
three solutions, Palladure 200 Make Up, Palladure 200 Additive and Palladure 
Concentrate, were prepared as in Table 3.5. The three solutions were pipetted 
separately into three 100ml volumetric flasks and made up to the mark. The 
resulting solutions were further diluted 10 times for HPLC analysis. 
Table 3.5 The three parts solutions of Palladure 200 process 
Palladure 200 Palladure 200 Palladium 
Make Up, ml Additive, ml Concentrate, ml 
Volume Y5 Ys ^ 
The three chromatograms were collected for qualitative analysis. There 
was no peak in the chromatogram of the Palladure 200 Make Up as shown in 
Fig.3.3. There were three peaks with retention time 2.27, 2.67 and 4.93 min in the 
chromatogram of the Palladure 200 Additive as shown in Fig. 3.4. The first two 
peaks were component A and the last peak was component B, which were 
determined by the additional HPLC analyses. The peak with retention time 2.67 
min was used for quantitative analysis of component A because of its higher 
intensity. There was one peak with retention time at 2.42 min in the 
chromatogram of the Palladium Concentrate as shown in Fig.3.5. 
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Figure 3.5 The chromatogram of Palladium Concentrate solution 
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Unfortunately, the peak of component A at 2.67min was slightly 
overlapped with the Palladium Concentrate peak (2.42min). In order to 
investigate the effect of Palladium Concentrate on the HPLC signals of the 
Pallaure 200 Additive, the mixing of the three solutions were prepared as in Table 
3.6. Each standard was pipetted into a 100ml volumetric flask and made up to 
the mark. The resulting solution was further diluted 10 times for the HPLC 
analysis. The aim of this experiment is to examine the interaction between the 
additive and other components more clearly. 
Table 3.6 Standard solutions of Palladure 200 bath B1 and B2 
Palladure 200 Palladure 200 Palladium 
Make Up, ml Additive, ml Concentrate, ml 
Standard B1 ^ Ys 10 
Standard B2 ^ ^ 5 
The chromatograms of Standard B1 and B2 are shown in Fig. 3.6 and Fig. 
3.7, respectively. The chromatograms show that the peak area of component A 
with 8g/l Palladium Concentrate is larger than that with 5g/l Palladium 
Concentrate. Originally, the Palladure 200 Additive concentration in the standard 
bath was 25ml/1, however, the larger than expected value were reported in both 
standard baths B1 and B2. It demonstrated that Palladium Concentrate did affect 
the HPLC signals of the Palladure 200 Additive because of the overlapping. This 
column was not suitable to analyze component A as it cannot separate the 
component A and the Palladium Concentrate well. 
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Figure 3.7 The chromatogram of standard bath w 5g/l Palladure Concentrate 
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For the quantitative analysis, the different concentrations of component B 
(0.5ml/l, 1.5ml/l and 3.0ml/l) were prepared for establishing a calibration curve as 
shown in Fig. 3.8. The concentration of component B within the Pd plating bath 
can be determined by this HPLC method. 
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Figure 3.8 The calibration curve of component B 
In order to separate the components in the plating bath, Alltima Cig 
column was used instead. The other preparation procedures and HPLC conditions 
were the same as mentioned in this section. The HPLC analysis result was 
discussed as follows. There was no peak for Palladure 200 Make Up solution 
again. There were three peaks with retention time 2.48，2.80 and 5.22 min for 
Palladure 200 Additive solution. The first two peaks were component A and the 
last peak was component B, which had already assigned. The component A 
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retention times were 2.48 and 2.80 min while the component B retention time was 
5.22 min. There was one peak for Palladium concentrate with retention time at 
3.52 min which was far apart from the peaks of component A. The chromatogram 
of a newly makeup plating bath at optimum concentrations of the three parts is 
shown in chromatogram Fig. 3.9. 
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Figure 3.9 The chromatogram of standard Palladure 200 plating bath 
All individual components can be resolved and the overlapping problem 
was completely solved. Since there was no overlapping of peaks, this column 
was suitable for the analysis of electroplating bath in the production lines. 
3.5 Analysis of aged Palladure 200 plating bath from 
production line 
Normally, the working bath at optimum concentration of the three parts 
was used to plate the products at the beginning. The plating bath slowly changes 
during production due to various issues, such as decomposition of additives, 
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inappropriate replenishment, and contaminations. The following was a typical 
example of Palladium bath received from the production lines. According to the 
chromatogram of an aged plating bath shown Fig. 3.10, it was estimated that there 
were only 25% Component A and 0% Component B left in the plating bath. 
Hence, the suggested replenishment was 75% Component A and 100% 
Component B for the aged plating bath. The chromatogram of the replenished 
plating bath was shown in Fig. 3.11. There was almost no difference between 
chromatograms of the replenished bath and the new make up bath except that two 
additional small peaks appeared at retention times 2.15 min and 3.10 min in the 
replenished plating bath. 
The uncertainty for the whole procedure and instrument was estimated to 
be less than 10% error. The detection limit for component B was 0.1 ml/1 and so 
did the Palladure 200 additive. The uncertainty estimation was based on the 
%RSD of retention time and peak area. The detection limit was obtained by that 
the last known minimum concentration of species could be reasonably observed 
as a peak on the baseline. 
• 争 
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Figure 3.10 The chromatogram of aged Palladure 200 plating bath from the 
production line 
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Figure 3.11 The chromatogram of aged Palladure 200 plating bath with suitable 
replenishment 
3.6 Conclusion 
A HPLC procedure was developed for monitoring the Palladure 200 bath. 
When the Alltima Cig column was used, all the components in the bath can be 
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separated. The peaks of Component A and Component B can be used for setting 
up the calibration curves for the quantitative analysis of the Palladure 200 
Additive concentration in the plating bath solution. This method had been 
successfully applied to analyze a real plating bath in the production line. 
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Chapter 4 Nickel PC3 bath HPLC analysis 
4.1 Introduction 
Nickel plating can be employed for corrosion protection of iron，copper 
and zinc alloys. It can be used as an undercoat of chromium or one of the 
precious metals. It can also be utilized for decorative and engineering purposes 
1]. The specifications for electrodeposited coatings of nickel can be found in the 
AMS QQ-N-290 Nickel Plating, AMS 2403, AMS 2423 and AMS 2424 [2]. 
Nickel PCS process is supplied by Shipley and it can be used in rack, 
barrel and high speed applications for plating of all types of electronic 
components e.g. printed circuit boards, and connectors [3:. 
For Nickel PCS process, there are five separate parts in the bath including 
nickel sulfamate, nickel chloride, wetting agent, Nickel PCS Additive and boric 
acid. The nickel sulfamate and nickel chloride are used to provide the electrolyte 
and metal source while the wetting agent is used to improve the metal distribution. 
Nickel PC3 Additive is designed to produce deposits that are bright and ductile. 
It also reduces internal stress. The boric acid is a buffer to adjust pH. The 
functions of the five parts are shown in Table 4.1 [3:. 
Traditionally, the concentration of Nickel PCS Additive was measured by 
the titration method. In the titration method, the determination of end point was 
rather subjective and the uncertainty was high. The target of this study is to 
develop a HPLC method for monitoring the Nickel PCS electroplating baths. 
After a suitable method was developed for separating the components, a 
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quantitative analysis method was developed. The quantitative HPLC analysis 
method can be used to monitor the Ni electroplating baths in the production lines. 
Finally，a comparison between the titration method and HPLC method will be 
made. 
Table 4.1 The functions of five separate parts in Nickel PC3 process 
Components Functions 
Nickel sulfamate Act as an electrolyte 
Nickel chloride Provide nickel metal and act as a leveler 
Wetting agent Modify surface tension 
Nickel PCS Additive Achieve smooth uniform deposits and act as a brightener 
Boric acid Act as a buffer for pH adjustment 
4.2 Experimental 
Equipments 
The Dionex 500X HPLC system described in Chapter 2 was used in this 
study. 
Chemicals/Bath solutions 
The water used throughout the experiments was 18MQ cm"^ It passed 
through resins for filtration and UV lamp for sterile treatment to ensure very low 
• • 
conductivity and no bacteria. The concentrated sulphuric acid (98%) was HPLC 
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grade purchased from Aldrich. Normally, 390ml/l of nickel sulfamate, 30ml/l of 
nickel chloride, lml/1 of wetting agent, 5-30ml/l of Nickel PCS Additive and 40g/l 
of boric acid were mixed for a new make up nickel bath. 
HPLC conditions 
For Nickel bath studies, the chromatographic analysis was carried out by 
isocratic elution with diluted sulphuric acid. The column used in this study was 
Wescan anion exclusion column. The mobile phase was 0.005M H2SO4 and the 
flow rate was 0.70ml/min. The UV wavelength was set at 210nm. It was 
reported that most of the organic additive used in the acid nickel plating bath was 
an organic acid. The organic acid was commonly determined by the anion 
exclusion technique [4,5]. By means of the anion exclusion column, which 
contains a strong acid cation exchange resin in the H+ form, both strong acids and 
weak acids can be eluted in the order of ascending pKa value under the ion 
exchange mechanism. The Nickel PC3 Additive was an organic acid and hence 
the anion exclusion column was used. The Ni electroplating bath solution was 
eluted with the diluted sulphuric acid solution, during which, the Nickel PC3 
Additive within the plating bath solution was protonated. From the systematic 
iterative HPLC runs, 0.005M H2SO4 mobile phase and 0.70ml/min flow rate were 
found to be optimum for eluting the Nickel PCS Additive at appropriate time and 
resolution while from the UV analysis, the maximum absorbance of the Nickel 
PC3 Additive was found to be 210nm. All these were the optimum HPLC 
conditions for determination of the Nickel PCS Additive and listed in Table 4.2. 
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Table 4.2 The HPLC conditions for Nickel PCS bath studies 
Column Wescan anion exclusion column 
Mobile phase 0.005M H2SO4 
Flow rate 0.70ml/min 
UV wavelength 210nm « 
4.3 Problems in the existing Titration method for 
monitoring Nickel PC3 process 
In routine analysis, the Nickel PC3 bath was monitored by the titration 
method to check its Nickel PC3 Additive content. The titration procedure was 
according to Shipley Technical Notes AP 700003-E. Before titration, a series of 
extraction steps were needed. The Ni plating bath solution was first extracted 
with hydrochloric acid and ethyl acetate, after that the aqueous layer was 
collected for the same extraction again and the organic layer was kept. These 
extractions acidified the Nickel PCS Additive and shifted this additive to the 
organic layer. The first and the second organic layers were combined and added 
with ethanol and a few drops of bromocresol purple indicator. The resulting 
solution was titrated with sodium hydroxide to a blue endpoint. Hence, the 
amount of Nickel PCS Additive within the plating solution can be determined. 
In fact, there were some problems during the analysis. The extraction step 
can cause the loss of Nickel PCS Additive. The titration end point was not sharp 
enough and the estimation was rather subjective. The colour estimation error was 
easily introduced as the solution changed from yellow, green to greenish blue. In 
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the aged nickel sulfamate bath, there were many organic components and 
breakdown by-products that may further affect the analysis result. The reported 
data was not reliable enough and HPLC method was developed to improve the 
accuracy. 
4.4 HPLC method development for monitoring Nickel 
PC3 process 
4.4.1 Identify individual component of Nickel PC3 process 
With reference to Section 4.2, the HPLC conditions including selection of 
column, mobile phase, wavelength and flow rate were explained. Before the 
HPLC analysis, the mobile phase preparation procedure was shown as follows. 
26.65ml of 98% H2SO4 was pipetted into a IL V-flask and diluted up to the mark 
with HPLC graded water. 10.00ml of the above solution was pipetted into a new 
IL V-flask and diluted up to the mark again. 0.005M of H2SO4 mobile phase was 
prepared. The mobile phase was degassed by ultrasonic bath and was filtered by 
using the sinter glass with filter paper no.4 under vacuum filtration. 
For qualitative analysis, the four separate parts including nickel sulfamate, 
nickel chloride, wetting agent and Nickel PCS Additive were injected into the 
HPLC and the chromatograms were collected. These individual bath constituents 
were prepared solely according to their concentration ratio in the Ni plating bath. 
From these chromatograms, the retention times for nickel sulfamate, nickel 
chloride and wetting agent peaks were 5.25 min, 5.37 min and 5.27 min 
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respectively shown in Fig. 4.1, 4.2 and 4.3. From Fig. 4.4，Nickel PC3 additive 
had two distinct peaks, which were located at 5.22 min and 17.98 min retention 
time. It was suggested that the later peak of the additive was responsible for the 
brightening and leveling properties. 
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Figure 4.1 The chromatogram of nickel sulfamate solution 
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Figure 4.2 The chromatogram of nickel chloride solution 
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Figure 4.4 The chromatogram of Nickel PCS Additive solution 
After the four separate parts individually analyzed, an optimum Nickel 
PCS bath was studied. The optimum Nickel PCS bath was prepared in the 
following procedure and the content was shown in Table 4.3. 400ml of deionized 
water was added into a clean 1.5 L beaker. 35.Og of boric acid, 390ml Nickel 
sulfamate and 30ml Nickel chloride solution were added into the water and mixed 
thoroughly between additions. The solution was stirred and heated to about 55 
until most of solid was dissolved. 1ml wetting agent and 5ml Nickel PC3 additive 
solution were added. The deionized water was added up to the IL marker�The 
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pH was adjusted to 4.2 by adding further boric acid (about 5.0g) with pH meter. 
The optimum bath solution was cooled to the room temperature and the resulting 
solution was further diluted ten times for the HPLC analysis. The chromatogram 
of the Nickel PCS optimum bath solution is shown in Fig. 4.5. The peak pattern 
and peak assignment were totally agreed with those mentioned before. 
Table 4.3 The standard solutions of Nickel PCS bath 
Components Volume (ml/1) /mass (g) 
Nickel sulfamate 390ml 
Nickel chloride 30ml 
Wetting agent 1ml 
Nickel PCS Additive 5-30ml 
Boric acid 40g 
About 4.2 
Temperature 55^C 
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Figure 4.5 The chromatogram of standard Nickel PCS plating bath 
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4.4.2 Set up a calibration curve for the Nickel PC3 Additive 
For the quantitative analysis, the main peak of the Nickel PCS Additive 
with the retention time around IT.OOmin was used to set up a calibration curve. 
The different concentrations of the calibration standards were prepared as shown 
Table 4.4. The components were pipetted into four different IL V-flasks and 
filled up to the mark with HPLC grade water. The resulting solution was further 
diluted 10 times for the HPLC analysis. The calibration curve of Nickel PC3 
Additive was shown as Fig. 4.6. The Nickel PC3 Additive concentration range 
was based on the normal utilized concentration in the nickel plating baths. The 
concentration of the Nickel PCS Additive within the Ni plating bath can be 
determined by this calibration curve. 
Table 4.4 The standard solutions with different conc. of Nickel PC3 Additive 
Standard 1 Standard 2 Standard 3 Standard 4 
Nickel sulfamate 390ml 390ml 390ml 390ml 
Nickel chloride 30ml 30ml 30ml 30ml 
Wetting agent 1ml 1ml 1ml 1ml 
Nickel PCS Additive ^ 
Boric acid 40g 40g 
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Figure 4.6 The calibration curve of Nickel PCS Additive 
For the calibration curve, 3 replicates of standard additive solutions were 
injected per each concentration and the acceptable criteria for both precision of 
retention time and peak area were <=2%. The linear correlation coefficient was 
reported as 0.999. 
4.4.3 Analysis of aged Nickel PC3 plating bath from production 
line 
Since the separation of the Nickel PCS bath components and the 
quantification of the Nickel PC3 Additive within the optimum bath were 
successful, it was suitable to analyze those plating baths from the production lines� 
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The followings were the examples of analyzing aged plating baths received from 
production lines. The HPLC conditions used for analyzing those aged plating 
baths were the same as mentioned in the previous section. The Ni plating bath 
solutions were filtered and injected for HPLC analysis with 10 times dilution, 
meanwhile, they were analyzed by the titration method. The HPLC and titration 
results toward the analyzing of the Nickel PCS Additive were tabulated in Table 
4.5. The chromatograms of different Ni plating baths received from production 
lines were shown in Fig. 4.7 
Table 4.5 Nickel PCS plating baths analysis result 
HPLC Retention time Peak area Titration 
result result 
Plating bath#l 26.35 ml 16.98 min 27443464 27.92 ml 
Plating bath #4 4.24 ml 17.00 min 4093146 8.07 ml 
Plating bath #5 5.36 ml 17.05 min 5277332 7.27 ml 
Plating bath # 2 0 3 8 . 4 3 ml 17.00 min 40203733 38.90 ml 
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Figure 4.7 The chromatograms of different aged Nickel PC3 plating baths from 
the production lines 
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From these chromatograms, there were almost no interferences shown. 
Hence, they can effectively reflect the different amount of Nickel PCS Additive in 
the aged Nickel PCS baths plating solution. They can be utilized for chemicals 
replenishment to these baths quantitatively. 
It was shown from the result that the measurements of Nickel PC3 
Additive by the titration method have higher values than those measurements by 
the HPLC. The difference is larger at lower additive concentrations. This trend 
was explained by the difficulty in estimating the endpoint. At low concentration, 
it requires additional solution added to change the color from green to blue. 
The uncertainty for the HPLC method was estimated to be less than 5%. 
The detection limit for the Nickel PC3 additive was 0.2ml/L 
4.5 Conclusion 
Using anion exclusion column, a HPLC method was developed for 
monitoring the Nickel PCS bath. This HPLC method can obtain more accurate 
result and can save time for the extraction procedures when compared with 
titration. It had been successfully applied for determination of the Nickel PCS 
Additive in the aged Nickel PC3 plating baths from production lines. 
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Chapter 5 Solderon SC bath HPLC analysis 
5.1 Introduction 
Tin/lead alloy plating can be used as a coating for corrosion protection and 
as a base for soldering [1]. The deposit color can be gray to white and matt to 
bright in appearance depending on the process. The specifications for 
electrodeposition of tin/lead alloy can be found in the MIL-P-81728 Plating and 
ASTM B579 [2]. 
Solderon SC process is supplied by Shipley and it is a low foaming, 
organic sulfonate electroplating process for the high speed deposition of uniform, 
fine grain, tin and tin/lead alloy coatings. It is specifically designed for uses in 
high speed reel-to-reel electroplating equipment, where the process versatility is 
particularly well-suited for semiconductor lead frame and electronic connector 
applications [3]. 
For the Solderon SC process, there are six separate parts in the bath 
including Solderon SC Primary, Solderon SC Secondary, Solderon RD 
Concentrate, Solderon Tin Concentrate, Solderon Lead Concentrate and Solderon 
Acid HC. The Solderon SC Primary and Solderon SC Secondary are the organic 
additives responding for the deposit quality. The Solderon RD Concentrate is the 
anti-oxidant utilized to minimize the oxidation of tin(II) to tin(IV). The Solderon 
Tin Concentrate and Solderon Lead Concentrate are used to provide the tin and 
lead metals, respectively while Solderon Acid HC is used as an electrolyte. The 
functions of the six parts are shown in Table 5.1 [3]. 
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In the routine analysis, the measurement of the concentrations of Solderon 
SC Primary and Solderon SC Secondary are done by CVS and UV/VIS 
spectrophotometry, respectively. However, it was found that the uncertainty in 
CVS analysis of Solderon SC Primary could be more than 20%, especially for the 
analysis of aged plating baths in the production lines. The target of this study is 
to develop a HPLC method for monitoring the Solderon SC Primary in the aged 
plating baths. 
Table 5.1 The functions of six separate parts in Solderon SC process 
Components Function 
Solderon SC Primary Achieve smooth uniform deposits 
Solderon SC Secondary Achieve thickness uniformity and alloy distribution 
Solderon RD Concentrate Minimize the oxidation of stannous tin 
Solderon Tin Concentrate Provide Tin metal 
Solderon Lead Concentrate Provide Lead metal 
Solderon Acid HC Act as electrolytes 
5.2 Experimental 
Equipments 
There were two main instruments involved in the following laboratory 
analysis, Dionex 500X HPLC system and QualiLab® QL-10 CVS system. Their 
functions and descriptions were mentioned in Section 2.1 and 1.3.3, respectively. 
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Chemicals/Bath solutions 
The water used throughout the experiments was 18MQcm"\ It passed 
through resins for filtration and UV lamp for sterile treatment to ensure very low 
conductivity and no bacteria. The methanol was HPLC grade purchased from 
Aldrich. 
HPLC conditions 
For Solderon bath studies, a reversed phase HPLC system was used and 
the chromatographic analysis was carried out by gradient elution. The column 
used in this study was Alltima Cig with particle size of 5)Lim and column length of 
250x4.6mm. The flow rate was 0.80ml/min and the detector wavelength was set 
at 225nm. The Cig column chosen was suitable to analyze the common organic 
additives while the wavelength chosen was the optimum absorbency for this 
additive. The flow rate was tested under many HPLC runs. The mobile phase 
was discussed together with the gradient elution in the HPLC method 
development section. These HPLC conditions were listed in Table 5.2. 
Table 5.2 The HPLC conditions for Solderon SC bath studies 
Column Alltima Cig 
Mobile phase Refer to Table 5.3 The gradient condition 
Flow rate 0.80ml/min 
UV wavelength 225nm 
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5.3 Instability in the existing Cyclic Voltammetric 
Stripping (CVS) method for monitoring Solderon 
SC process 
CVS is a patented electrochemical method toward the measurement of 
organic brighteners. The working principle of CVS has been mentioned in 
Section 1.3.3. There was an existing CVS method supplied by Shipley in 
analyzing the Solderon SC Primary. In this study, the CVS measurement was 
performed on a QualiLab® QL-10 instrument with Qualiplate 4000 software. It 
was equipped with three electrodes system. The working electrode is a platinum 
disk and the counter electrode is a stainless steel rod. The reference electrode is a 
double junction electrode. The detail setup, operation and measurement 
procedures were based on Shipley technical notes AP-47111301-A/E. 
In the normal situation, since the amount of metal electroplated on the 
CVS electrode increased with the concentration of the organic additives in the 
solution, the CVS reading can be linked to the concentration of the Solderon SC 
Primary. This method can eliminate the matrix effect within the standard by 
means of the standard addition. However, for the solutions from the real 
production lines, the uncertainty of the measurement was very large. This 
uncertainty was attributed to the large amount of tin/lead residues and breakdown 
organic materials within the aged plating baths. The actual plating bath can have 
out-of-balance tin/lead ratio and formation of grey tin/lead precipitates, both of 
which were detrimental to the accuracy of signals. The different amounts of 
unknown organic by-products existed within the solution further interfere the 
CVS signals. All these made the existing CVS method unsuitable for precise 
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control of Solderon SC Primary. Thus, an HPLC method was developed as a 
supplementary method for monitoring the Solderon SC electroplating baths. 
5.4 HPLC method development for monitoring 
Solderon SC process 
5.4.1 Identify the individual components 
The mobile phase preparation procedure was given below. Both the 
HPLC graded methanol and 18MQcm'^ water were degassed by an ultrasonic 
bath. Based on these two solvents, the gradient condition shown in Table 53 and 
gradient elution profile shown in Fig. 5.1 were developed under systematic 
iterative trials. 
Table 5.3 The gradient condition 
Time ( m i n ) I n i t i a l [2 p [ I ? 
% m e t h a n o l 7 0 70 70 10 10 70 
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Figure 5.1 The gradient elution profile of Solderon SC process 
The target in the HPLC method development was to elute the Solderon SC 
Primary peak at appropriate retention time and to escape from those tin, lead and 
anti-oxidant peaks. The optimum mobile phase to elute Solderon SC Primary was 
10% methanol to 90% water ratio. Hence, the retention time for the Solderon SC 
Primary peak was located within the 17也 minute and 22"^ minute range, during 
which the solvent system was suitable in the elution of it. Other components like 
those tin, lead and anti-oxidant were eluted out at the first seven minutes, during 
which the solvent system was 70% methanol to 30% water ratio. The step change 
from the 7出 minute to 17也 minute was necessary to protect the system from 
collapsing by pressure fluctuation. In this gradient elution, most impurities or 
polar organic species in the plating bath were eluted out at the very beginning 
before the target Solderon SC Primary coming out. However, if isocratic 10% 
methanol to 90% water ratio was used, all peaks including the SC Primary one 
were merged together at the early time of the chromatograms. Or, if isocratic 
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70% methanol to 30% water ratio was used, the Solderon SC Primary peak was 
not eluted out. Gradient elution was able to solve these problems. 
Using this gradient elution profile, the qualitative analysis of different 
separate parts in the Solderon SC plating bath was performed. These individual 
bath constituents were prepared solely according to rough concentration ratio in 
the Solderon SC plating bath with further ten times dilution. 
The HPLC analysis result was illustrated as follows. There was one main 
peak with the retention time 19.20 min in the chromatogram of Solderon SC 
Primary as shown in Fig. 5.2. There were two peaks located at 3.27 min and 5.40 
min in the chromatogram of Solderon Tin Concentrate as shown in Fig. 5.3 while 
there was one peak located at 3.35 min in the chromatogram of Solderon Lead 
Concentrate as shown in Fig. 5.4. There was one major peak at 5.40 min in the 
chromatogram of Solderon RD Concentrate as shown in Fig. 5.5. There were 
some little peaks, which can be neglect, in the chromatogram of Solderon HC 
Acid as shown in Fig. 5.6. In brief, the peak of the Solderon SC Primary can be 
separated far apart from the other bath constituents. 
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Figure 5.2 The chromatogram of Solderon SC Primary 
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Figure 5.5 The chromatogram of Solderon Anti-oxidant/RD Concentrate 
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Figure 5.6 The chromatogram of Solderon Acid HC 
The Solderon SC Secondary was a high molecular weight organic 
compound, which was trapped inside the pre-column. 
After the analyses of the five separate parts, an optimum Solderon SC bath 
was studied. The optimum Solderon SC bath was prepared in the following 
procedure and the content was shown in Table 5.4. All the bath components were 
added in a 100ml V-flask and mixed thoroughly. This scale was already made ten 
times dilution when compared with the original concentration in the optimum 
Solderon SC bath. 
Table 5.4 The standard solution of Solderon SC bath 
Components Volume (ml/100ml) 
Solderon SC Primary 10 
Solderon RD Concentrate 1 
Solderon Tin Concentrate 21.5 
Solderon Lead Concentrate 6 
Solderon Acid HC 18 
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This optimum Solderon SC bath solution was filtered and injected for the 
HPLC analysis while its chromatogram was collected as shown in Fig. 5.7. There 
were three distinct peaks with the retention time 3.35，5.47 and 19.20 min in the 
chromatogram of standard Solderon SC bath. The first peak was response for the 
Solderon Tin Concentrate and Lead Concentrate. The second peak was response 
for the Solderon RD Concentrate. The last peak was response for the major 
Solderon SC Primary additive. 
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Figure 5.7 The chromatogram of standard Solderon SC plating bath 
5.4.2 Set up a calibration curve for the Solderon SC Primary 
After the assignment of peaks in the optimum Solderon SC plating bath, a 
quantitative method was developed for the measurement of the Solderon SC 
Primary. For quantitative analysis，the major peak of Solderon SC primary with 
the retention time around 19.20 min was used to set up a calibration curve. The 
different concentrations of the calibration standards were prepared as Table 5.5. 
The followings were pipetted into three different IL V-flasks and filled up to the 
mark with HPLC grade water. The resulting solution was further diluted ten 
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times before injection. The calibration curve of Solderon SC Primary was shown 
as Fig. 5.8. The concentration range in the calibration curve was based on the 
usual SC Primary concentrations in the Solderon SC plating baths. 
Table 5.5 The standard solutions with different conc. of Solderon SC Primary 
Standard 1 Standard 2 Standard 3 
SC Primary 50ml/l lOOml/1 150ml/l 
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Figure 5.8 The calibration curve of Solderon SC Primary 
For the calibration curve, three replicates of standard additive solutions 
were injected per each concentration and the acceptable criteria for both precision 
of retention time and peak area were <=2%. The linear correlation coefficient 
was reported as 0.999. 
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5.4.3 Analysis of aged Solderon SC plating bath from production 
line 
Since the separation of the Solderon SC bath components was completed 
and the quantification of the Solderon SC Primary was developed, it was suitable 
to analyze those plating baths from the production lines. The followings were the 
examples of analyzing aged Solderon SC plating baths received from production 
lines. The HPLC conditions used for analyzing these aged plating baths were the 
same as previous section. The Solderon SC plating bath solutions were filtered 
and injected for HPLC analysis with ten times dilution, meanwhile, they were 
analyzed by the CVS method. The HPLC and CVS results toward the analysis of 
the Solderon SC Primary were tabulated as Table 5.6. The chromatograms of 
different Solderon SC plating baths received from production lines were shown in 
Fig. 5.9. 
Table 5.6 Solderon SC plating bath analysis result 
HPLC result Retention time Peak area CVS result 
(ml) (min) (ml) 
New makeup bath 99.5 19.23 26607235 ^ 
Plating bath#A 33045807 UOi 
Plating bath #B 108.2 28986282 103.2 
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Figure 5.9 The chromatograms of different aged Solderon SC plating baths from 
the production lines 
According to the results in Table 5.6, it was hard to decide which of the 
methods was more accurate. However, it was proved that both CVS and HPLC 
method were valid by the consistent data. The HPLC method was more stable 
than the CVS method in terms of precision. In addition, HPLC analysis is 
independent of other components in the plating solution. Thus, the HPLC method 
can be considered as a better method to monitor the Solderon SC Primary. The 
HPLC analysis can be performed to supplement the CVS results if there is any 
doubt in the CVS analysis. 
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The uncertainty for the developed HPLC procedure and instrument was 
estimated as less than 10% error toward the analysis of Solderon SC Primary. 
The detection limit for the Solderon SC Primary was 0.5ml/L In this method, the 
measured amount of Solderon SC Primary can be directly read from the 
calibration curve without any calculation or correction. 
5.5 Conclusion 
A HPLC procedure was successfully developed for monitoring the 
Solderon SC plating bath. It had been successfully applied for determination of 
aged Solderon SC plating baths from production lines. The Solderon SC Primary 
can be determined quantitatively by both HPLC and CVS method. They can be 
used as complementary techniques. 
5.6 References for Chapter 5 
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Chapter 6 Copper Gleam PPR bath HPLC analysis 
6.1 Introduction 
Copper plating can be employed as an undercoat for other metals. Copper 
coating has shiny finish and good corrosion resistance. Several copper processes 
are designed for specific purposes including bright, high speed, electroforming 
and fine grain [1]. The specifications for electrodeposited coatings of copper can 
be found in the MIL-C-14550 Copper Plating, ASTM B734 and AMS 2418 [2]. 
Copper Gleam PPR process is supplied by Shipley. It is designed for 
using pulsed periodic reverse current to achieve good metal distribution at high 
plating speeds inside the holes of printed wiring boards. This pulsed periodic 
reverse current process can significantly reduce plating time and increase 
productivity, which plays the important role in the production of printed wiring 
boards. Hence, the strict control of this type of copper plating bath is necessary to 
ensure the yield of the production process [3]. 
For Copper Gleam PPR process, there are five separate parts including 
copper sulphate, sulphuric acid, chloride ion, Copper Gleam PPR Carrier and 
Copper Gleam PPR Additive. The copper sulphate, sulphuric acid and chloride 
ion are used to provide the basic for the plating bath while the Copper Gleam PPR 
Carrier and Copper Gleam PPR Additive are utilized to control the deposit quality. 
The functions of the five parts and the conditions of the copper bath are shown in 
Table 6.1 and Table 6.2 respectively [3]. 
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Table 6.1 The functions of five separate parts in Copper Gleam PPR process 
Components Functions 
Copper sulphate Provide copper metal 
Sulphuric acid Act as electrolyte 
Chloride ion Act as leveler 
Copper Gleam PPR carrier Suppressors 
Increase Polarization Resistance 
Improve Distribution 
Copper Gleam PPR additive Accelerators 
Reduce Polarization Resistance 
Improve Elongation and Ductility 
Table 6.2 Copper Gleam PPR bath optimum conditions 
Parameters Optimum 
Temperature 25°C 
Forward: Reverse current ratio 1:2.5 
Forward plating time 20ms 
Reverse plating time 1ms 
In routine analysis, the Copper Gleam PPR Carrier and Copper Gleam 
PPR Additive were measured by the CVS method. It was reported that the CVS 
signals for the determination of the organic Copper Gleam PPR Additive were 
higher than the expected. The reason proposed by many papers [4,5] was that this 
additive undergoes oxidation, reduction and fragmentations during pulsed 
periodic reverse current plating. Some of the by-products were CVS active, 
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which resulting in positive error for the determination of the additive. An 
alternative analytical method, HPLC was suggested to tackle this discrepancy. 
The target of this study is to develop a HPLC method for monitoring 
Copper Gleam PPR electroplating baths from the production lines. The Copper 
Gleam PPR Additive in the copper plating baths can be measured by this 
developed HPLC method. In additions, H2O2 effect, air agitation effect and 
Copper anode effect on the additive were studied. 
6.2 Experimental 
Equipment 
There were two main instruments involved in the following laboratory 
analysis, Dionex 500X HPLC system and QualiLab® QL-10 CVS system. Their 
functions and descriptions were mentioned in Section 2.1 and 1.3.3, respectively. 
Chemicals/Bath solutions 
The water used throughout the experiments was 18MQ c m " � I t passed 
through resins for filtration and UV lamp for sterile treatment to ensure very low 
conductivity and no bacteria. The concentrated sulphuric acid (98%) and 
2 + 
acetonitrile were HPLC grade purchased from Aldrich. Normally, 75 g/1 of Cu , 
100 ml/1 of conc. H2SO4, 60 mg/1 of CI", 0.5 ml/1 of Copper Gleam PPR Additive 
and 15 ml/1 of Copper Gleam PPR Carrier were mixed for a new make up copper 
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bath. For conveniences, the following terms will be used instead of the original 
name of the Copper Gleam PPR plating bath components as in Table 6.3. 
Table 6.3 Defined terms 
New terms Definition 
Cu stock solution Cu^ "" (75 g/1), conc. H2SO4 (100 ml/1), Cr (60 mg/1) 
Additive Copper Gleam PPR Additive (0.5ml/l, l.Oml/1, 3.0ml/l) 
Carrier Copper Gleam PPR Carrier (15ml/l) 
New make up bath 0.5 ml/1 PPR additive and 15 ml/1 PPR carrier in Cu stock 
solution. 
HPLC conditions 
For Copper bath studies, a reversed phase HPLC system was used and the 
chromatographic analysis was carried out by isocratic elution. The column was 
the Alltima Cig with 5\im of particle size and 250x4.6mm of column length. The 
mobile phase had a H2O: acetonitrile: 0.5M H2SO4 volume ratio of 90%: 5%: 5% 
and the flow rate was l.OOml/min. The detector wavelength was set at 254nm. 
The modified mobile phase had a H2O: acetonitrile: 0.5M H2SO4 volume ratio of 
92%: 30/0: 5%. It was used for the analysis of aged Copper Gleam PPR plating 
baths from the production lines and this will be discussed later in Section 6.43. 
The acetonitrile served to elute the organic additive and organic components from 
the separation column, while the sulphuric acid acted as a buffer to stabilize the 
pH environment of electroplating solution and to prevent the degradation of 
organic additive during chromatography analysis. These compositions of solvent 
system were obtained by systematic iterative trials. The column chosen was to 
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analyze the common organic additive in the plating bath while the flow rate 
chosen was the moderate one. All these HPLC conditions, which listed in Table 
6.4, were suggested to be the optimum for eluting those interest species of Copper 
Gleam PPR plating bath at appropriate retention time and resolution. 
Table 6.4 The HPLC conditions for Copper Gleam PPR bath studies 
Column Alltima C i g 
Mobile phase H2O: acetonitrile: 0.5M H2SO4 (92%: 3%: 5% in v/v) 
Flow rate 1 .OOml/min 
UV wavelength 254nm 
6.3 Problems in the existing Cyclic Voltammetric 
Stripping (CVS) method for monitoring Copper 
Gleam PPR process 
The traditional plating would give non-uniform through-hole (within 
through hole) and surface (across the panel surface) distribution owing to 
variation of current density. The periodic forward and reverse current applied in 
Copper Gleam PPR process was called pulse plating, which could provide better 
surface to hole distribution in via holes and high aspect ratio holes on printed 
wiring boards [5,6]. However, during this pulsed periodic reverse current plating, 
the organic Copper Gleam PPR Additive was undergoing oxidation, reduction and 
fragmentation. It was proposed that this sulphur-containing additive was 
electroreduced to thiol or thiolate and electrooxidized to sulphone or sulphonate 
[7,8]. Some of the derivatives were reported as CVS active. 
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There was an existing CVS method supplied by Shipley in analyzing the 
Copper Gleam PPR Additive. The detailed setup, operation and measurement 
procedures were based on Shipley Technical Notes. In the new Copper Gleam 
PPR plating bath, since the amount of copper electroplated on the CVS electrode 
increased with the concentration of the organic additive in the solution, the CVS 
reading can be linked to the concentration of the Copper Gleam PPR Additive. 
The additive content in the plating solution was detected using the standard 
addition method. However, the presence of by-products gives higher than 
expected CVS signals, especially for the aged Copper Gleam PPR plating baths 
from the production lines. This leads to inappropriate replenishment suggestions 
for the plating bath. Therefore, a HPLC analysis method was needed to provide 
more accurate results. 
6.4 HPLC method development for monitoring Copper 
Gleam PPR process 
6.4.1 Identify Individual components and copper PPR additive in 
standard bath 
With reference to Section 6.2, the selection of column was suggested the 
same as the other Chapters. The composition of solvent system was adopted after 
many trials. The mobile phase preparation procedure was given below. 500ml of 
HPLC grade water was first put into a 11 volumetric flask. 50ml of HPLC grade 
acetonitrile and 50ml of 0.5M sulphuric acid were added into the flask and mixed 
thoroughly. HPLC grade water was filled up to the mark. The resulting solution 
92 
was degassed by ultrasonic bath and filtered by the sinter glass with filter paper 
no.4 under vacuum filtration. 
For the choice of wavelength, there was a quite strong absorption around 
250nm for the Copper Gleam PPR Additive solution alone. However, the 
absorption was weak if the Copper Gleam PPR plating bath was analyzed. The 
reason could be related to the metal-ligand chelation in the copper bath. Although 
the lower wavelength (190 - 200nm) could give the stronger signal of peaks, the 
baseline was too noisy. UV wavelength at 254nm was still suggested for the 
analysis of Copper Gleam PPR Additive in order to minimize the interference 
from the baseline. 
Using these HPLC conditions, the qualitative analysis of different separate 
parts in the Copper Gleam PPR plating bath was studied. These individual bath 
constituents were prepared solely according to their concentration ratio in the 
standard Copper Gleam PPR plating bath. The HPLC analysis result was 
tabulated in Table 6.5 and the chromatograms were displayed in Fig. 6.1 to Fig. 
6.3. The peak at 9.90 min was used as the marker for monitoring the Copper 
Gleam PPR plating bath. 
Table 6.5 The retention time of the individual components in copper bath 
Components Retention time 
Cu stock + carrier 7.02 min 
Cu stock + additive 7.03 min and 9.80 min 
Cu stock + carrier + additive 6.97 min and 9.90 min 
(new make up standard bath) 
• • 
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Figure 6.3 The chromatogram of Cu stock w Copper Gleam PPR Additive & 
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6.4.2 Set up a calibration curve for the Copper Gleam PPR 
Additive 
After the assignment of peaks in the standard Copper Gleam PPR plating 
bath, a quantitative method was developed for the measurement of Copper Gleam 
PPR Additive. For quantitative analysis, the marker of Copper Gleam PPR 
Additive with the retention time around 9.90 min was used to set up a calibration 
curve. The different concentrations of the calibration standards were prepared as 
Table 6.6. The followings were pipetted into three different IL V-flasks and 
filled up to the mark with Cu stock solution. The calibration curve of Copper 
Gleam PPR Additive was shown in Fig. 6.4. The concentration range of Copper 
Gleam PPR Additive was based on the normal utilized concentrations in the 
Copper Gleam PPR plating baths. 
Table 6.6 The standard solutions with different conc. of Copper Gleam PPR 
Additive 
Additive (ml/1) Carrier (ml/1) Cu stock solution 
Standard 1 15 Filled up 
Standard 2 LO 15 Filled up 
Standard 3 15 Filled up 
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Figure 6.4 The calibration curve of Copper Gleam PPR Additive 
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For the calibration curve, the linear response was shown by the r value, 
which can be up to 0.9993 accuracy. However, the active component or additive 
marker retention time might shift from 9.90 to 11.50 min in different analysis 
days. Hence, the known amount of Copper Gleam PPR Additive called QC 
standard was injected into HPLC to locate the peak and quantify the amount of 
the peak before and after each set of HPLC analysis. 
6.4.3 Analysis of aged Copper Gleam PPR plating bath from 
production line 
In the newly prepared Copper Gleam PPR plating bath, one of the 
components in the Copper Gleam PPR Additive solution can be monitored at 
254nm. This component responses linearly to its concentration as shown in 96
Section 6.4.2. In the aged Copper Gleam PPR plating baths from the production 
lines, there were too much interference as shown in Fig. 6.5 and Fig. 6.6. Those 
peaks might come from PCB oily organic contamination, new species or break 
down by-products. The detail was still not understood. Owing to serious peak 
overlapping, the method cannot be used to measure real samples. 
SXKhdlTj I I 1 I ‘ ’ 
_。"^、： i l l 
S.OOxlO-^  ： I I m 
运創。-3 關！！^處 
0 � — —™ -
‘3.‘ 
4.00x10 5.0 10.0 . 15,0 20.0 i s l 30.0 
：.：' — ‘ “ 
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Figure 6.6 The chromatogram of aged Copper Gleam PPR plating bath#19 from 
the production line 
97 
From these chromatograms as shown in Fig. 6.5 and 6.6, it was impossible 
to locate the additive peak and to have an accurate measurement of the additive in 
the aged plating baths. Therefore, a new mobile phase and new calibration curve 
for HPLC analysis were developed. The mobile phase was changed to have a 
volume ratio of 92% H2O: 3% acetonitrile: 5% 0.5M H2SO4. The r^  value of the 
new calibration curve was found to be 0.998. The target peak retention time was 
shifted to IS.Omin. 
The new mobile phase was applied for HPLC analysis of two aged Copper 
Gleam PPR plating baths#15 and #19 from the production lines. The analysis 
results were shown in Fig. 6.7 to 6.10. The marker of Copper Gleam PPR 
Additive was located at IS.OOmin and well separated from the unknown peaks. 
The major peak of the additive can be located and quantified by adding lml/1 of 
Copper Gleam PPR Additive. 
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The same solutions from the two aged plating baths were analyzed by 
HPLC using both the old and new mobile phases. The HPLC results together 
with CVS results were tabulated in Table 6.7. 
Table 6.7 The aged Copper Gleam PPR plating bath analysis by CVS and HPLC 
CVS analysis HPLC analysis HPLC analysis 
(old mobile phase) (new mobile phase) 
Additive amount Additive amount Additive amount 
Plating Bath # 1 5 0 . 9 6 ml/1 1.46 ml/1 0.25 ml/1 
Plating Bath # 1 9 0 . 3 4 ml/1 1.14 ml/1 0.40 ml/1 
Because of serious overlapping in using the old mobile phase, those results 
were not used. For comparing the results from HPLC using the new mobile phase 
and the CVS analyses, we found that the plating solution from Plating Bath #19 
gave similar results from both methods while CVS gave a high value for Plating 
Bath #15. Since Plating Bath #15 has a much longer age than Plating Bath #19, 
the difference could be explained by the by-products as discussed in Section 6.3. 
Another observation was that the different solvent systems would give 
different retention times, peak heights and peak areas for the additive. The 
polarity and acidity were important factors which are affected by different 
percentages of acetonitrile and different volumes of H2SO4 in the mobile phase 
system. From the old and new mobile phases used in the HPLC analysis, it was 
proved that the acetonitrile was critical to the retention time and peak height of 
the additive. The 5% acetonitrile gave earlier elution of additive for the new 
copper plating bath, however, 3% acetonitrile can shift the additive peak much 
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later in the aged copper plating bath analysis. For the acidity of the mobile phase, 
it could be neither absence of acid nor too acidic. If there is no acid, the peak will 
be asymmetric or irregular pattern. If there is too acidic, the peak signal will be 
suppressed. 50ml/l amount of H2SO4 was the optimum for the elution of the 
additive. 
6.4.5 Study of H2O2 effect 
H2O2 was believed to remove the organic by-products for CVS analysis in 
the aged copper plating bath [9]. In order to investigate the H2O2 effect on aged 
copper plating bath, three bath solutions including a new make up bath, aged bath 
and aged bath treated with H2O2 were prepared for the HPLC and CVS analysis. 
For the new makeup bath, l.Oml/1 of Copper Gleam PPR Additive and 15ml/l of 
Copper Gleam PPR Carrier were mixed and filled up to the mark with the Cu 
stock solution. For the aged bath, a Cu anode, 6cmx6.5cmx0.5cm in dimension 
was immersed in 500ml new makeup bath for 8 hr. For the aged bath treated with 
H2O2, O.lml/1 of 5% H2O2 was added into the aged bath and stirred for 30min. 
The HPLC and CVS results were tabulated in Table 6.8. 
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Table 6.8 The measurement of additive in U2O2 treated bath by HPLC and CVS 
Amount of additive Amount of additive 
by HPLC (ml/1) by CVS (ml/1) 
New makeup bath 1.05 0.833 
Aged bath 
Aged bath treated with H2O2 0.55 0.898 
It was found that both HPLC and CVS gave similar analytical results for 
the additive in a new makeup bath. However, HPLC and CVS results for the aged 
bath and the aged bath treated with H2O2 were different. For the aged bath, CVS 
gave too high concentration signal of the additive while HPLC suggested a 
decomposition of the additive. In the H2O2 treated bath, there was an effective 
reduction in the additive concentration after the treatment. Therefore, it is 
possible to identify the presence of by-products by comparing the CVS readings 
of a sample from a plating bath and another sample from the same plating bath 
treated by H2O2. 
Since the HPLC and CVS results for the H2O2 treated bath were dissimilar, 
an experiment was set up for studying the H2O2 effect on the additive by HPLC. 
In this experiment, 3ml/1 of the Copper Gleam PPR Additive solution and lml/1 of 
35% H2O2 solution were prepared. The different volume of H2O2 solution, SO i^l, 
lOOjil and 5ml were added into each 10ml of additive solution from the solution 
prepared above. Three sample solutions were idle for 30 minutes and injected for 
HPLC analysis. Their chromatograms were displayed in Fig. 6.11 to 6.13. 
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These chromatograms showed that the H2O2 did affect the additive. A high 
concentration of H2O2 would suppress the additive signals or even changed the 
form of additive itself. The additional oxidized peak was generated as shown in 
Fig 6.13. Under many trials, a CVS method was developed by adding 0.1 ml/1 of 
35% H2O2 into the sample solution for CVS analysis. This amount of H2O2 is not 
enough to change significantly the CVS signal for the additive but can change the 
CVS signal of the by-products. The reading is then compared with the usual CVS 
measurement of a sample from the same bath solution. A large difference will 
indicate the presence of by-products. 
6.4.6 Study of air agitation effect 
It was believed that both the degree and locality of air agitation could 
influence the throwing power [10]. In this experiment, the effect of air agitation 
on the additive concentration was studied. 50 ml of Copper Gleam PPR additive 
solution was bubbled for 4 hours and it was injected for HPLC analysis. In the 
chromatogram shown in Fig. 6.14, there was no by-product after air agitation. 
The additive was stable during air agitation. 
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Figure 6.14 The chromatogram of additive w air agitation. 
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6.4.7 Study of Copper anode effect 
The Copper Gleam PPR Additive was a disulphide-containing compound. 
The active disulphide group has a high affinity on copper surface. It was believe 
that the copper anode in the plating bath can cause decomposition of the additive 
4]. With the purpose of investigating the copper anode effect on the additive, the 
following experiment was performed. A Cu anode with dimensions of 
6cmx6.5cmx0.5cm were immersed in 500ml of Copper Gleam PPR Additive 
solution and another Cu anode of same dimensions was immersed in a 500ml of 
Cu stock solution with lml/1 Copper Gleam PPR Additive. The immersion time 
for each solution was 48 hours. The HPLC results were shown in Table 6.9 and 
the chromatograms were shown in Fig. 6.15, 6.16 and 6.17. 
Table 6.9 The study of Copper anode effect by HPLC 
Before Cu anode After Cu anode 
immersion immersion 
Additive amount Additive amount 
(ml/1) (ml/1) 
Additive solution 1 < 0.1 
Cu stock solution with additive 1 0.75 
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Figure 6.15 The chromatogram of Copper Gleam PPR Additive solution 
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Figure 6.16 The chromatogram of additive after Cu anode immersion 
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Figure 6.17 The chromatogram of Cu stock solution w the additive after Cu anode 
immersion 
According to Figure 6.16, the additive peak was not observed. It was 
suggested that the additive was totally decomposed after Cu anode treatment. 
Refer to chromatogram.6.17, the decomposition of additive occurred in the Cu 
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stock solution. However, the decomposition rate in the Cu stock solution was 
much lower than in the Copper Gleam PPR additive solution. It was probably 
that the active component of PPR additive was stabilized by Cu ions. 
6.5 Conclusion 
A HPLC procedure was successfully developed for monitoring the Copper 
Gleam PPR plating bath. It had been successfully applied for determination of 
Copper Gleam PPR Additive in the aged copper baths from actual production 
lines. In addition, HPLC was used to develop a simple CVS method for the 
identification of by-products in the plating bath. The effect of Copper anode 
surface on the decomposition of additive was also studied. 
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Chapter 7 Silverjet220 bath HPLC analysis 
7.1 Introduction 
Silver plating is utilized for solderable surfaces, electrical contact, high 
electrical and thermal conductivity, thermal compression bonding and spectral 
reflectivity [1]. The specifications for electrodeposition of silver can be found in 
QQ-S-365 Silver Plating and ASTM B700 [2]. 
The Silverjet 220 process is supplied by Shipley. It is designed to produce 
high purity silver electrodeposits, which are suitable for semiconductor 
applications. For the Silverjet 220 process, there are six separate parts including 
Silverjet 220 Makeup, potassium silver cyanide, Silverjet Conditioner, Silverjet 
220 Brightener, Silverjet 220 Special Additive and Silverjet SB Replenisher 11. 
The functions of the six parts are shown in Table 7.1. The plating bath control is 
essential in this type of silver cyanide bath. The pH should be kept between 9.0 
and 9.5 strictly for chemical balance and electrolyte stability [3,4]. 
Silverjet 220 Special Additive is used to inhibit the immersion of silver 
onto metal substrates and to enhance deposit reflectivity and leveling. Suitable 
replenishment of this additive is necessary to maintain the chemical stability of 
silver and other components in solution [3]. Up to now, there is no available 
method to measure this additive amount in the Silverjet 220 electroplating. The 
target of this study is to develop a HPLC method for monitoring Silverjet 220 
Special Additive in the fresh and aged silver plating baths. 
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Table 7.1 The functions of six separate parts in Silverjet 220 process 
Components Function 
Silverjet 220 Makeup solution Contain electrolyte conductivity 
Provide buffering salts 
Silver metal as potassium silver cyanide Supply silver metal 
Silverjet Conditioner Act as surface active agent 
Enhance deposit uniformity 
Silverjet 220 Brightener Produce deposit grain refinement 
Increase high current density range 
Silverjet 220 Special Additive Inhibit the immersion of silver onto substrates 
Enhance deposit reflectivity and leveling 
Maintain deposit brightness and smoothness 
Silverjet SB Replenisher II Replenish the active ingredients  
7.2 Experimental 
Equipments 
The Dionex 500X HPLC system described in Chapter 2 was used in this 
study. 
Chemicals/Bath solutions 
The water used throughout the experiments was 18MQ cm"^ It passed 
through resins for filtration and UV.lamp for sterile treatment to ensure very low . 
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conductivity and no bacteria. The acetonitrile was HPLC grade purchased from 
Aldrich. Normally, 500ml/l of Silverjet 220 Makeup solution, 65g/l of silver 
metal，65ml/l of Silverjet SB Replenisher II，0.5ml/l of Silverjet Conditioner, 
l.Oml/1 of Silverjet 220 Brightener and 250ml/l of deionized water were mixed for 
a new make up Silverjet 220 bath. Silverjet 220 Special Additive was used as 
replenishment later. 
HPLC conditions 
For Silver bath studies, the chromatographic analysis was carried out by 
isocratic elution. The column used is Alltima Cig with 5|im of particle size and 
250x4.6mm of column length. The flow rate was 1.OOml/min and detector 
wavelength was set at 200nm. Different types of solvents and solvent ratios were 
tried. The HPLC conditions were summarized in Table 7.2. Other conditions will 
be discussed in the following sections. 
Table 7.2 The HPLC conditions for Silverjet 220 bath studies 
Column Alltima Cig 
Mobile phase H2O: acetonitrile (97%: 3% in v/v), w 20g/l di-ammonium 
hydrogen phosphate salt 
Flow rate 1 .OOml/min 
UV wavelength^ 200nm 
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7.3 HPLC method development for monitoring Silver jet 
220 process 
7.3.1 Identify individual components and Silver jet 220 Additive 
in the plating bath 
The HPLC method development was difficult for silver cyanide plating 
bath. The first target was to examine the individual bath components one by one. 
The pH of this Silverjet 220 plating bath was between 9.0 and 9.5 and hence di-
ammonium hydrogen phosphate salt was chosen in the solvent system. The 
mobile phase adopted was H2O with 0.15M _4)2HP04 . This mobile phase was 
prepared by dissolving 20.0g of (NH4)2HP04 salt into the HPLC grade water, 
which was degassed and filtered before use. 
The different parts of Silverjet 220 process were prepared separately based 
on the concentrations as shown in Table 7.3. The chromatograms of the solutions 
were shown in Fig.7.1 to 7.5. 
Table 7.3 The individual components of Silverjet 220 process 
Components Concentration 
Silverjet 220 Makeup solution 5ml/100ml 
Silver metal as potassium silver cyanide 0.65g/l 00ml 
Silverjet Conditioner 0.005ml/100ml 
Silverjet 220 Brightener 0.0lml/100ml 
Silverjet 220 Special Additive 0.lml/100ml 
Silverjet SB Replenisher II 0.65ml/100ml 
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Figure 7.1 The chromatogram of Silverjet 220 Special Additive 
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Figure 7.5 The chromatogram of Silverjet SB Replenisher II 
There was one common peak at 2.83min for the Silverjet 220 Makeup, 
Additive, Conditioner, Brightener and Replenisher. From the chromatogram of 
Silverjet 220 Special Additive as shown in Fig. 7.1, the first eluted peak at 
2.85min was the common peak while the target Silverjet 220 Special Additive 
peak was at 5.47 min retention time. This peak had a linear response in different 
concentration of the additive solution. 
Since the Silverjet 220 Special Additive was used to control the chemical 
stability of silver, it was important to examine their interaction effect. In this 
experiment, two solutions including potassium silver cyanide solution and the 
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Silverjet 220 Special Additive with potassium silver cyanide solution were 
prepared for HPLC analysis. Their chromatograms were collected as below in 
Fig. 7.6 and 7.7. 
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Figure 7.6 The chromatogram of potassium silver cyanide 
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Figure 7.7 The chromatogram of potassium silver cyanide w Silverjet 220 Special 
Additive 
From Fig.7.6 and 7.7, it was shown that the silver metal interacts with the 
special additive and caused the retention time to shift. The original additive 
retention time was about 5.5min and that of silver-additive complex was 4.0min. 
The distinct board peak at around 9.00min to lO.OOmin was responsible for 
potassium silver cyanide salts. 
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After the individual bath components analysis, a new makeup Silverjet 
220 plating bath was studied. The makeup solution included 500ml/l of Silverjet 
220 Makeup solution, 65g/l of silver metal, 65ml/l of Silverjet SB Replenisher II, 
0.5ml/l of Silverjet Conditioner, l.Oml/1 of Silverjet 220 Brightener and 250ml/l 
of deionized water. It was diluted ten times and injected for HPLC analysis. 1ml 
of Silverjet 220 Special Additive was spiked into the diluted Silverjet 220 plating 
bath for another HPLC analysis. Their chromatograms are shown in Fig. 7.8 and 
7.9, respectively. 
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From Fig. 7.8 and 7.9, the additive complex peak was shifted back to 
5.75min. This suggests that there is an equilibrium between the components in 
the Silverjet 220 plating bath. Based on the silver plating mechanism, this 
additive can be attached on silver for the retardation of the nucleation growth. 
Hence, the equilibriums of silver ions, potassium cyanide and this additive cause 
the concentrations of the free additive and the complexed additive to change in 
the sample solution and during the elution inside the column. There are two 
approaches to solve the problem. One is use a stronger ligand to complex with 
the silver metal, which releases the additive in the solution. Another approach is 
to control the medium to ensure all the additive molecules form the complex with 
the silver. 
7.3.2 Optimize the condition for HPLC analysis 
In order to see the polarity and buffer effect, experiments using the 
different percentages of acetonitrile and different concentration of (NHzOiHPCU 
salts in the solvent system were performed and the results were tabulated in Table 
7.4 and 7.5. 
Table 7.4 The different % acetonitrile effect on chromatograms 
H2O: Acetonitrile percentage Chromatogram patterns 
With 0.15M (NH4)2HP04 salt 
88:12 The peaks were overlapped 
97:3 The peaks were separated 
100:0 The peaks were well separated 
L  
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Table 7.5 The different concentration of salt effect on chromatograms 
(NH4)2HP04 salt concentration Chromatogram patterns 
No salt One merged peak 
0.05M (6.6g/l) The peaks were overlapped 
The peak heights were higher 
The potassium silver cyanide peak started at 5.50 min. 
0.15M (20.0g/l) The peaks were better separated 
The potassium silver cyanide peak started at 6.50min 
0.5M (66g/l) The peaks were well separated 
The peak heights were lower 
The potassium silver cyanide peak started at 9.00min 
From Table 7.4, it was illustrated that the higher percentage of acetonitrile, 
the less resolution was resulted. As mentioned in Section 7.3.1, the well-
separated peaks were necessary for the identification of bath constituent. Hence, 
the 100%:0% ratio of H2O to acetonitrile was used. 
From Table 7.5, it was shown that the peak height and peak pattern were 
changed according to different concentration of salt utilized in the mobile phase. 
In general, the peak heights were lower and the peaks were well separated at high 
salt content while the peak heights were higher and the peaks were packed 
together at low salt content. 
From the systematic iterative trials, the 0.15M (NH4)2HP04 salt 
concentration was chosen together with the 97%: 3% ratio of H2O to acetonitrile 
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as the optimum conditions for the following Silverjet 220 plating bath analysis. 
The resolution was appropriate in this mobile phase. 
7.3.3 Analysis of aged Silverjet 220 plating bath from production 
line 
Using the optimum mobile phase chosen in Section 7.3.2，the aged 
Silverjet 220 plating bath from production line was diluted ten times for HPLC 
analysis and its chromatogram was shown in Fig.7.10. 
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Figure 7.10 The chromatogram of aged Silverjet 220 plating bath 
From this chromatogram, it was impossible to locate or determine the 
Silverjet 220 Special Additive peak as there were too much unknown peaks in the 
aged plating bath. The peaks no.3 and no.4 were considered as the additive 
related species. Since the silver might form complex with the additive and other 
components in the Silverjet 220 plating bath resulting in equilibrium state, EDTA 
was tried to chelate with the silver metal and free out the additive for analysis. 
Several EDTA experiments were performed and these chromatograms are shown 
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Figure 7.11 The chromatogram of EDTA solution 
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Figure 7.12 The chromatogram of EDTA solution w Silverjet 220 Special 
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Figure 7.14 The chromatogram of aged Silverjet 200 bath w EDTA solution w 
Silverjet 220 Special Additive 
It was found that there was no interaction between EDTA and the additive 
solution as shown in Fig. 7.11 and 7.12. However, the absence of peak no.4 
indicated that EDTA might form complex with some components in the aged 
plating bath as shown in Fig.7.13. After the additive was added into the aged 
plating bath that with EDTA treatment, the peak no. 4 was re-appeared as shown 
in Fig. 7.14. This spiked additive peak position was the same as that of peak no.3 
appeared in the aged plating bath that without any EDTA treatment as shown in 
Fig. 7.10. Therefore, the idea that adding EDTA to free out of or stabilize the 
additive was not successful. The Silverjet 220 Special Additive peak was 
probably located at the peak no.4 and it was overlapped with those interference 
peaks. 
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Silverjet predip solution experiments 
The silverjet predip solution was used to chelate with silver metal in the 
industrial process. With the similar idea like EDTA, several silverjet solution 
experiments were tried. The result was shown that there was no interaction 
between the silverjet predip solution and the Silverjet 220 Special Additive. 
However, there were some interactions between the predip solution, special 
additive and KAgCN solution. The silver-additive complex and the silver-predip 
complex were present in the equilibrium mixture. These complexes exhibited the 
complicated manner in the aged Silverjet 220 plating bath, resulting in large 
uncertainty in the quantification of the additive. The idea that adding silverjet 
predip solution to free out or stabilize the additive could not be successful. 
7.4 Conclusion 
There was unusual interaction between silver ion and the Silverjet 220 
Special Additive within the Silverjet 220 plating bath. This silver-additive 
complex and the free additive exist in an equilibrium state within the Silverjet 220 
plating bath. This made both the qualitative identification and quantitative 
measurement of the Silverjet 220 Special Additive difficult. Using the EDTA and 
Silverjet predip solution as strong ligands to chelate the silver ion and free the 
additive was not successful. The other methods or modification of HPLC 
conditions were needed for the development. 
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Other methods like derivatization of additive and formation of solid can 
also be tried. There are some effective and specific derivatization reagents may 
facilitate the HPLC analysis of this additive. However, these compounds are 
needed to be synthesized and the derivatization may or may not help in the 
additive analysis. Adding iron (III) ion to a mixture of silver (I) ion and the 
additive can give a precipitate of deep brick red color, which is a complex of Fe 
and the additive [5]. Weighing this solid may give the additive concentration. 
However, the error is significant because of the co-precipitation of Ag and the 
large atomic weight of the silver. 
7.5 References for Chapter 7 
1. A. Blair, Plat & Surf. Fin. (August 2000), 62-63. 
2. Cal-Aurum Industries, Electroplating processes, 
http://www.e]ectroplating-com/au.html (9 Sept.2002). 
3. Silverjet 220 process, Bulletin of Shipley Asia Ltd., document no. 682005, 
issue no. 2, issue date Oct. 1993. 
4. K. Hwang, S. A. Choi & C. Cho, Plat & Surf. Fin. (May 1999), 133-134. 
5. Scifinder Scholar Database: searching silver (I) ion keywords. 
123 
Chapter 8 Conclusions and Further Studies 
8.1 Conclusions 
Five different case studies including Palladure 200, Nickel PC3, Solderon 
SC, Copper Gleam PPR and Silverjet 220 processes that supplied by Shipley were 
given. Four HPLC methods had been successfully developed for the 
measurement of Palladure 200 Additive, Nickel PC3 Additive, Solderon SC 
Primary and Copper Gleam PPR Additive qualitatively and quantitatively. These 
methods had been applied for the analysis of plating baths from the production 
lines. The HPLC results were compared with existing methods using UV, 
titration and CVS. HPLC analyses can ensure the control of the plating baths and 
provide suggestions for the replenishment of the plating baths. Nevertheless, the 
method developed for the determination of Silverjet Special Additive was not 
successful because of the interaction between this additive and Ag ions. 
With the information in these studies, a general description of the HPLC 
method development for analyzing the electroplating baths is summarized as 
shown in the flow chart in Fig. 8.1. 
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HPLC  
Step 1 Platingbath information 
Method Development Step 2 Separation goals 
Step 3 Experiment objectives 
^ Step 4 Bath pretreatments 
• Start up procedure Step 5 Column selection 
X Step 6 HPLC and detector parameters setting 
Core procedure ^ Step 7 Preliminary runs 
Step 8 Detection of sample bands 
(Identify individual components of plating bath) 
Step 9 Method optimization 
(Choose optimum separation conditions) 
A n a l y t e A n a l y t e Step 10 Qualification 
^ • (Identify bath components in the plating bath) 
separation Quantification 
Step 11 Quantification 
(Set up a calibration curve for the additive) 
Step 12 Sample analysis trials 
(Measure bath components in aged bath) 
End up procedure • S t e p 13 Method validation 
(Robustness, Stability 
Linearity, Accuracy 
Compare data with other methods) 
^ 1 1 
Maintenance Yes ^ ^ ^ ^ the method 
^ valid? 
(Details refer to Appendix) ^ ^ ^ ^ ^ ^ ^ ^ 
No 
^ — ^ 
Figure 8.1 The general procedures for HPLC method development flow chart 
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In brief, the HPLC method development involves several essential steps in 
this study. The electroplating bath information is collected and the separation 
goal of bath components is determined at the beginning. The experiment 
objectives are focus to measure the additive qualitatively and quantitatively and to 
escape from other interference. The plating bath pretreatments normally include 
dilution, filtering, pH adjustment and extraction. The column selection is based 
on the chemical nature of the additive. After the HPLC and detector parameters 
settings, preliminary runs are preformed until all the interested bath components 
are detected and hence the identification of bath components can be achieved. 
Choosing optimum separation conditions, both qualifications and quantification 
of the additive can be determined within the aged plating bath from the 
production lines. Final, the method validation is performed. In general, the use of 
the initial run as a basis for the next experiment is a golden rule. 
8.2 Further Studies 
In the HPLC studies of electroplating baths solution, there are three 
aspects for further studies. Firstly, the ED 40 Electrochemical Detector of the 
Dionex DX-500X system is available for the conductivity and amperometry 
detection mode. It can be utilized to analyze some electroplating species such as 
inorganic anions and cations by the conductivity mode while the other species like 
cyanide and thiols by the amperometry mode. It will be helpful toward the 
measurement of non-UV active or weak chromophores containing analyte. 
Secondly, the existing AD 20 Absorbance detector is only a single wavelength 
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UV detector. If it is replaced with a diode-array one, the multi wavelength can be 
scanned for the bath components and the best wavelength can be chosen at once. 
Finally, the installation of a mass spectrometer to the HPLC system will provide a 
complete picture for the electroplating bath chemistry. 
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APPENDIX 
The User guide for HPLC 
Reference: Dionex PeakNet Software User's Guide with document no. 034914 
GP 40 Gradient Pump Operator's Manual with document no. 031377 
Alltech Quality Assurance Chromatograms 
ASTM E682-92, E685-93, D6156-97 
Start up Procedure 
1. Release the pressure to zero when the solvent bottle needed to be filled or 
changed. 
2. Filter the new solvent using a sinter glass funnel with no.4 for pore size (Pyrex) 
under vacuum. 
3. Degas the solvent by ultrasonic bath for 20 minutes. 
4. Open the N2 gas main valve and Set it at 100 psi. 
5. Adjust the gauge (on the left-hand size of the solvent reservoir one) to 9 psi. 
6. Power on Auto sampler and HPLC system (gradient pump GD50, detector 
AD20). 
7. Set the flow rate at O.OOml/min. 
8. Input A=1 OOo/o if eluent A is used. Input B=100% if eluent B is used. 
9. Open the lower valve in GP50 to release the solvent. 
10. Press On and wait for 1-2 min until there is no bubble coming out. 
11. Press Off and close the lower valve. 
12. Set the flow rate at l.OOml/min. 
13. Set A%B%C% as the mobile phase ratio. 
14. Open the upper valve in GP50 to prime. 
15 • Press Prime and wait until there is no bubble trapped in the tubing. 
16. Press Off and close the upper valve. 
17. Select UV detector as Low. 
18. Power on the Peaknet software when all the hardware is ready. 
• 19. Double click the PeakNet software. 
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20. Open Method according to the type of bath being analyzed and set Data 
Collection/Plot Scales. 
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22. Then, the GP40 Editor will appear when the OK button is clicked. Set the 
flow rate and injection time for the eluents. 
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i ^ j f a o ” 1 0 0 怎 ^ '‘ 
Zl'. New 
； 3 ~ : 
‘ I , — t : 她 p … 
, Dl Water _ " … I 
f hject A 
1 广 Cotwmn ， 
；r n n , 
' ' i r m ' 2 , ^ � 
i f Rd^l ： � ： 
Relay2 0 5 ID � 
：• p； Hi if ‘ i.:‘:fi丨丫:丨：！護丨!纖海I 
23. Save method file. 
24. Open Schedule. 
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25. Set those injection sequence and nature. 
26. Save schedule file. 
27. If it is calibration standard, use "cal+number+date" format to store. 
28. If it is sample, use "s+number+date" format to store. 
29. Open Run to load the schedule file for cleaning first. 
30. Run baseline to warm up. Then press start in the computer and press run in 
the auto sampler. 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 2. Rim B _line 
" " 7 T T ~ T " T " m m 3. Rm 4 start Method 
1. File -f Load Methcd 
. / ‘ ‘ ‘ “ * “… ‘ ‘ “-"' …““-
^ ^ ^ ^ ^ B S i t a E E B I I I I I I I I H H H H I H E I l I l l : 
；H F^ile- Run View Window Help ” - W i l l 
：GP40: (Remote) %A: 100<0 Load Pressure (psi) TTL1 j g 
：Mathod nmim %B： O-O column: A HI: 3000,0 TTL2 _ 
Method Time: mil %C: 0.0 Flow; 1,00 mtmn. 0.0 Beiayl H 
%D: 0.0 Curve: 5 LO: 0.0 Relay2 H 
；A020CCo!ia.l： (Remote) Wavelength: 254 nm TTL! • 
-Method SIMus: Holding Outpii: AU UVL卿 Q ‘ TTt2 H 
;Melhod Time: INIT Vte 丄卿 y Relayl £ 
Range: 0,1 AU Re(ay2 巨 
‘ t « s t standard 
, 3 胞 10'嚼 j 
1.80x10^  ‘ 
； 0 •： ; : ! ^ P : : f f : ^ , , , , j . , . . » , , , , i , . , : » . . + . : | “ . , | , , ‘ " � .u — , … , , , , , , … . m i » , . . , ( , , , , , | , „ „ j , , … I t I … . . t . , — I , • I I , . 1 i . - i , , … … f . n ) . ) i i ： sm nm is加 如谈 2%m mm -mm mm 棚 漏 _ut«5 EijiJI' 
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31. Check Browser — raw data — "ddmmyy" folder -> create -> OK. 
32. Open Optimize to process data file. 
1. a te^on of baseliae early in the ckom^o gram to allow Peakaet to 
toeimine m acceptable llirdiold. 
2. Operations Aiitu TkresMd 
3. Operatioiis Naiite Peaks 
\ m £da -QpSato . Vkm -/ jcde '^ 
；f^ TnUHtfUmBmBmBWHMMMmMmMMEIMI^ ': 
n e w • 棚 0 - 切 r 聊 - 細 r E S'： 
j 1’CK)x1Cr， 运，： 
•議xIOTB]; TTT :: 
: X T ： ‘ 
• ."，““ ‘ “ " " " " " ‘ ‘ ~ 课 
2,咖 cfS车 , ,I I > i <> I » t > t I g 
2.00 4iQ 6-00 10-00 12..0Q|...„rrl 
< “” ..‘“-.II “  • ‘ -  '-•' I . " . ； ； ' ：：…‘ …广,:：：.  …….，. 【【,’”.，，•”，.，，，.， …......'…“ 
new Sid 1^00-for ai^  -A01 -3.50x10'^ f 2 6 11 ‘ 
： 3 施 t 禪 1 . 招 
：‘2-60x10'^ ^^  I 5 
‘；32.00x10*24 3 7 ^ 
： 細 0 ' _ _ _ _ _ _ _ _ _ _ _ _ _ 8 丨 
； . • ^ J l I I J i lL^ 一 J d U M  
‘ Lm io'oo 1SJ30 20.00 25.00 30,00 35.00 41x00 45.00 
33. Press Report button to write report. 
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Before the sample is injected 
1. Open cleaning method according to the type of bath being analyzed. 
2. Save cleaning method. 
3. Open cleaning schedule. 
4. Save cleaning schedule. 
5. Run water sample to clean the column for 20-30 mins. 
6. Run the baseline with the mobile phase system. 
After the sample is injected 
1. Open Optimize. 
2. Open data file. 
3. Process the peaks (Adjust threshold, Adjust integration, Start/Stop the peak, Adjust 
scale) 
4. Save as "+. p" file. 
5. Press Report button. 
6. Choose File Assign processed data file. 
7. Print Preview Print. 
Set up the calibration curve 
1. Open Schedule. 
2. Set as calibration standard with different levels. 
3. Open Optimize. 
4. Open data file. 
5. Open method file. 
6. Process the peaks. 
7. Calibrate and Save as “+• p" file. 
8. Save as method file. 
9. Open method. 
10. Choose component table -> See the calibration curve. 
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Analyze sample by calibration curve 
1. Open Optimize. 
2. Open data file. 
3. Process the data file. 
4. Open method file (contain the calibration curve one). 
5. Save as ‘‘+• p" data file. 
6. Press Report button. 
7. Choose File — Assign processed data file. 
8. Print Preview — Print. 
Quitting the HPLC equipment 
1. Run the baseline for 20 mins to clean up the column. 
2. Close all files and Shut down the computer first. 
3. Release the pressure until it below 50 psi. 
4. Turn off HPLC system and auto sampler. 
5. Close the N2 gas valve. 
6. If you know that you will continue working the next day, it makes sense to shut 
down all instruments except the pump. Keep the computer running. Leave the 
pump operating at a low flow rate of 0.1-0.3 ml/min. Make sure there is enough 
mobile phase to avoid running the equipment dry. 
Maintenance 
a. Wash the column by common mobile phase at least every month 
b. Monitor the column conditions at least every 3 months 
c. HPLC System Calibration Maintenance (See the related section) 
d. HPLC System Preventive Maintenance (See the related section) 
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HPLC System Calibration Maintenance 
Instrument 
System: Dionex 500X 
(AS40 automated sampler, GP50 gradient pump, LC30 
chromatography oven, AD20 Absorbance detector, and ED40 
electrochemical detector) 
Standard preparation 
Chemicals: Reversed-phase test mix-D, 1 ml Part No. 1095 
Mobile phase: Acetonirile:water 58:42 ( %v:v) 
Dilution factor 
1. lOX 1.00ml of standard mixture was pipetted into a 10.00ml V-flask. 
The mixture was diluted by the mobile phase up to the mark. 
2. 5OX 2.00ml of lOX solution was pipetted into a new 10.00ml V-flask. 
The mixture was diluted by the mobile phase up to the mark. 
3. lOOX 1.00ml of 1 OX solution was pipetted into a new 10.00ml V-flask. 
The mixture was diluted by the mobile phase up to the mark. 
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The different concentration of the components in the reversed-phase test mixture-
D 
Component Concentration (ppm) 
I X lOX 50X lOOX 
1. Uracil 15 L5 ^ ^ 
2. Phenol "m 70 14 To 
3. Benzaldehyde ^ ^ 0.5 
4. N ， N - D i e t h y l - m - T o l u a m i d e 2 0 10 
5. Toluene 4 0 ^ 400 ^ 40 
6. Ethyl Benzene 4000 ^ 40 
Dissolved in Acetonitrile:Water (58:42) 
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Pump calibration --- Flow rate precision 
1. Prepare 100% degassed water as mobile phase. Filter and degas. 
2. Install an Alltech 250mm*4.6mm symmetry Cig 5[im column. 
3. Equilibrate the column. 
4. Use a stop watch and a 10.00ml graduated cylinder, weigh the cylinder before 
and after collecting the water at 2 min and 4 min time intervals with the flow 
rates of 0.5, 1.0 and 1.5 ml/min. 
5. Convert the weight measured into the volume collected by density formula. 
6. The collected volume at each flow rate should be within +/- 0.2ml of the 
expected value. 
Detector calibration --- Peak area precision 
1. Use the reversed-phase test mixture-D as the UV standards at 254nm 
wavelength under 25|il injection volume. 
2. Make the dilution of the mixture into three levels: lOOX, SOX and lOX as 
above. 
3. Do three injections of each level standard solution and record those peak areas. 
4. Plot the average peak area obtained versus its corresponding theoretical 
concentration. 
5. Perform a linear regression analysis on each curve. 
6. The plotted curve must have a 0.999 and the percent relative standard 
deviation (%RSD) of peak area should be <=5%. 
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Column calibration --- Retention time precision 
1. Use the reversed-phase test mixture-D as the UV standards at 254nm 
wavelength under 25\i\ injection volume. 
2. Make the dilution of the mixture into three levels: lOOX, SOX and lOX as 
above. 
3. Do three injections of each level standard solution and record those retention 
times. 
4. The percent relative standard deviation (%RSD) of the retention time should 
be <=2%. 
Remarks 
The detector calibration and the column calibration can be done at the same 
experiment. The raw data are attached as follows. 
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、：、Component Curve P Type: Origin: Calibrate By: , - Hepc^ T^^ T^T^ T^^ r^T：：?^ ：^:^：^!^《效入父1 
3)Linear J l 一 e 如 d 沖 一 - 丸 县 f , ; , :等、 f - —；-
心⑶-；：:。,々掘i  
W : n / 立 ’ … 2 9 6 7 2 4 
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r Re—d 1%'. r Residuals 广 Confyence Intervals &丨仗--； ： ： 
OK I Cancel | feppiy | 
Plot R印iieates |gfoup$1 
Component: | | ^ B H B H B H E E ] |Area z l Total Levels: 3 
Uyei1 I Level 2 | Level3 | Uv-4 j Level 5 
一 Mi y l i .  
AvBraoeArea 14604 29899 153273 
R^SOofArea Mil MM. 應 
ReoRcatel 14307 29872 154118 
R e o t o e 2 13B53 30100 149771 
Rbo_3 1SD52 29325 155330 
0.999395 
A m o u n t " A r e a 
KO = 0.008803 K1« 97266-008 
‘ - … … . . … 一 … 二 一 . . . . . . “ … “ “ . --IJJI …. • 
：、 DK I Cancel \ 獬 
Appendix A.4 Raw data of N, N-Diethyl-m-Toluamide calibration 
139 
B S B E B H H H W H H H I S 
、：CurveBType: Caitoateiy: , ' � 
l2-Phenol d i L i n e a r � _ r e � A r e a— 3 \ 
：__: _ J： . . . . . . . . : :通 > , , ,麵— i 
Z—I : S ， ， ’ •『..;較 卷 I ！ 
立’’” 緣： 
.….1$.,. '''''' ,124縱1' M "Irfer 
muimmiim, ‘ „ , , , , " , " ' " ‘ ' • ' , ' ' , 
……... . . . . ” ‘ ： ‘ ‘ ‘‘、, ••• 
• ：‘：. >“»,；/ , 
UMiuuimum , , , “ // '二‘’ ：、二：“.々义,:':;：.,:'、:.':〜。 , / , ； -- - ： - , ； “ - , ‘ ‘“ 
： ； ‘“‘• ‘ J - / , ‘ ‘‘ ‘ - . ‘ ‘ 
“ ― “ ' i ' “ ： ; ) , 。 ‘ 
‘ , 
‘ ‘, ‘ }' / •‘ , / ‘“, 
" … … 乂 , , ‘—么 . '：二 ‘‘ /' ： ‘ 
；. •‘ . ••• • .'„• . “ 
圓 _ _ _ _ _ _ _ | | « | | | | _ 寒 _ _ _ _ 
. — — . ~ - C d c u l a t O f — ' - r 
u d • _ i 4:o6 • 28'.00 ‘ 42 .bd ‘ 56:00，7o!o6 ‘ , 一 — ： i 
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Replicate 1 153DB6 304610 1490615 
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AveracieAfea 189505 391327.333 1S15511.33 
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HPLC System Preventive Maintenance 
Suggested period: once per each year 
Modules Maintenance performance check Calibration status 
Pump 1. Clean pump head 
2. Add oil ot gear 
3. Check flow rate 
4. Check leakage sensor 
AD 20 1. Check battery 
2. Rinse flow path 
3. Check leakage sensor 
4. Check keyboard 
ED 40 — Check keyboard 
AS 40 Check injection function 
Date: Response staff signature: —— 
Calibration status Recording format Indication of calibration status 
1) All maintenance jobs Done or Not No need 
Done 
2) All maintenance checks ^ Stick the label given by the 
are “OK” response staff 
3) If one or more maintenance Fail Label/Remove the equipment 
check is "Fail" from use  
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